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The Additivity of Universal Standard 
Data Elements, II 


By S. Buffa’ 


Vanau ment € niversity of Califer nied, Anaeles 


‘This paper is a report of laboratory research which was 
performed to gain further the 
of universal standard data elements. [It is related to a 
previous paper published by the author whieh examined 
the available literature on this subjpeet, proposed a hypoth 
esis, and an expermmental design for the testing of that 
hypothesis The proposed have been 


earried out and the results are reported here 


pothesis 


A large number of studies have shown that) element 
times are mntercorrelated, or that clement times mteract 
(1.2.3, 4,595,606. 7, 15, DS, 19, 20). The meaning 
of this is that element times are dependent not only on 
variables, such as distance, class of fit, but 
alo on the other elements in the evele and the sequence 
af these elements. Some writers have muferred trom this 
that standard data elements were not additive and that, 
therefore, the standard data concept was mvalid and not 
a useful tool Another meanmg of additivity is that # 
time te be predieted and the (are standard element tines 
This merely saves that the sum of the expeeted values of 
the clement times equals the expected eyele time. [tis well 
known in statisties that, of we have a set of random var- 
Cr, 2), then the expeeted value of ther sum equal te 
the stun of their separate expeeted values, thus 4 
y+ 2) Kir) + + 10). This ts true regard- 
less of interaction between the variables Applying this te 
standard data it should be true that mean values of evele 
times be predicted from a knowledge of expected 
Values of individtal elements. The tean evele time pre- 
dieted this toanner will, of course, have varianee, 
puart of Whieh is accounted for by the element mternetion 
or mtercorrelation It the degree of correlation were known, 
preeise estitnate ol the evele be 
‘The eytherst bent really is whether or not the vartanee due to 
correlation tnereases total variance to the pomt where 
estitnates of mean evele times are not precise enough for 


the uses te whieh standard data will be put. The tiayeor 


\ been t bie work reprarted iti t hile 
the author was under contract to the Othee of Naval Heneareh 


November December, 


hypothesis of the experments reported in this paper 
that mean evele times may be predicted from mean ele- 


Methods and Procedures 
Design of Experiment 


big. | is a diagram of the work place which was used to 
test the hypothesis The tusk required the te 
assemble two parts moa fixture. Part A was a pin whieh 
was mmehes long and ineh diameter, chamfered 
at one end. Part Bo was a bushing, ineh diameter, 
thick, and with a coneentre hole of 0.26 imeh. The 
evele for the rght hand is given below 
1 Reach te part \ 
2 ferasp part A 
Nhowe part Ate hole Ne taxture 
part A in hole and release 
th Reneh to prart 
‘ (rasp prart Ik 
s Nlove jrart te Ne bon texture 
Positron part hole and release 
1) Keach to part A in hole Ne 4 
It Cirasp part A and remove from hele Ne 4 
1:5 puart Vim prart It 
Keleuse part 
Reach to this prem al 


Part A was fed to the subjyeet from a dual feeder at a 
rate determined hy the bent totes 
and by the expermenter for paced conditions, Part A wae 
taken from the well, a manual advance button was pressed 
and then part A was moved to a fixture Ped poositioned 
in hole No. 3. Part B, whieh was a bushing, was then 
procured from its rack and moved to the fixture ane pos 
tioned in hole No. Part A was then procured trom hole 
No. 3 and positioned in the center of part By whieh was im 
hole Noo 4d. The subjyeet then pressed the disposal button 
selene whieh withdrew a slide 
A and Bote drop into a disposal chute. The evele deserted 
above by the list of 16 elements was called the complete 
evele 

\n incomplete eyele was formed by eliminating the 
transter of part A from hole Now 3 to the comeentme hole 
in part 1. Thus elements No. through plus Noo 15 
No. 16 make up an meomplete the complete 
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eyele elements No. through were measured separately 
so that all eyele times quoted in this study are for the 
incomplete cycle actually measured for half of the trials, 
and forecast for the other half of the trials by subtracting 
the time for elements No. & through 14 from the evele 
tunes measured. The contrast of cycle times measured 
and eyele times forecast for the incomplete eyvele formes 
the basis for testing the major hypothesis, and is labeled 
asa Variable, Method of bustimation: 

Four variables were manipulated the experiunent 


‘These were: 


Pace (three levels. two proceed one TT 
of (two level- 
(two levels 


These variables were combined tactorial experiment 
The variable of Pace was imtroduced imto the task by 
means of the dual feeder. The dual feeder was actuated by 
a rotary solenoid, which advanced one part into the well 
just in front of the feeder. The feeder was controlled by a 
synchronous motor driven cam under paced conditions 
The cam Vlosed a normally open mocro-switeh which 
energized the rotary solenoid Another mucro-switeh, 
timed from the same cam, energized a linear: solenoid 
which actuated a slide im the bottom: of the well causing 
part A to drop into a box below the table. A put would 
then be advanced into the well by the feeder and remain 
available to the subject until the linear solenoid was 
energized at which time it dropped from view, and another 
part was advanced into the well) Different levels of pacing 
were selected by mnsertingg Tises. Two levels of 
were selected. These were at the rates of 5.55 pins per 
minute and 11.10 pins per minute. The lower level of 
pacing Was a relatively slow pace for the task and hesita- 
tions were normally required by the subject. The higher 
level of pacing was relatively fast and required the subject 
to make an effort to keep up with the rate of feeding. An 
unpaced condition was established by switching the control 
of the rotary solenoid from the control motor to a micro- 
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switeh which on being depressed by the subject caused a 
rotary solenoid to be energized and a part to be advanced 
The manual eyele for both the paced and unpaced condi 
tions remained the same. 

The variable Discrimination was introduced by painting 
a yellow band around part 1B. The two levels of Diserimina- 
tion were, no discrimination required at the lower level, 
and discrimination required at the upper level. At the 
upper level of Discrimination the subjeet was directed to 
select only those parts with yellow bands around them from 
the racks 

The variable, Hands Used @¢right hand vs. both hands) 
Was a contrast between a lower level where only the mght 
hand was used and an upper level where both hands were 
used simultaneously to make duplicate assemblies. This 


variable was introduced as a control variable. 


Inatrumentation 


‘Time measurements were made for eyele times and for 
four elements or groups of elements. Measurements were 
aceumulated for twenty eyeles in all instances so that 
each measurement represented an average. The total 
evele times were accumulated on a precision clock. In 
order to measure the shorter internal elements, a combina- 
tion of three electronic switches and 
counters were required? The electronic switches and 
counters had a basie accuracy of 1/10,000 of a second and 
were actuated by the subject as he touched various fixed 
points in the manual eyele. There were no direct electrical 
connections to the suubyect and the electrical contacts made 
by the subjeet were sub-threshold. All instrumentation 
Was put into operation by turning a multiple rotary switeh 
This was done by the experimenter and was sychronized 
with the depresstig of the disposal ALD 
urements were made for the right hand. 


hea nlal Procedure 


Sixteen male university students with preferred right 
handedness served as subjects. The measurements were 
planned to reflect averages over twenty eyveles all 
instances, measurement then had relative stability 
in terms of evele-to-cyele variation. Each subject) was 
sampled twice for each treatment combination, the first 
sample of twenty cycles being taken after a standard 
practice period of SO eyeles. compartson of the first 
sample with the seeond provides a measure of practice 
eflects 

In pretests of the task used, it was noted that major 
changes in the tasks severely affected the subject's ability 
to perform the task. This was particularly true for changes 
from the complete evele to the incomplete evele and vice 
versa. It was the tendeney of subjects to introduce extra 


neous elements in the mecomplete evele and to omut them 


author indebted to Christian Rand for his work in 
adapting the hecles Jordan flip tleopy ciretuits to work measurement 


mstrumentatoon (12. 14 
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in the complete eveles This was also true to a lesser extent 
changes itt the Variable the lasts it 
tratster detionstrated, if Wis deeded it 
departure Prem complete randomuzation of the order of 
presentation of treatment combinations was justified 
Halt of the subjects (chosen at random) were presented 
with «a sequence complete-incomplete and the other halt 
with the Incomplete-complete, cm it two-day 
schedule. Each group was further subdivided so that half 
of them were presented with a right hand-both hands 
sequenee, and the other half with the reversed schedule. 
Within this structure, the presentation sequence was 
randomized, 

The table height was set at 2S inches and an adjustable 
chair was used to vary the relative height of the subjeet im 
relation to the table. In all instances the chair was ad- 
justed so that the subjyeet’s elbow was about 3 inches 


above the table top with ereet sitting posture 


pe rimental beesults 


The tactornial experiments desenbed were performed 


Phe mensurements made were 


1 

2 Time for the Added blements (these times oeeurred in only 
the complete eyele). bLlements No through 

‘Time for the Grasp plus Transport Loaded of part 
mg). blements No 7 ands 

1} ‘Dime for the Release of part A pin) after its insertion in the 
bushing hele CPhese times cecurred in only the complete 
evel blement 

5 “Time for the Positron plus Release of part Ib ashing) in the 
(Phese times were measured in only the meomplete 


evetle No " 


The speeitic results and ther implications for each of 
these mensurements wall be discussed in the above order 
‘This will be followed by a general discussion of the inplien 
tions of the eXperiment as Whole 

Preliminary analysis of the raw data for the five meas- 
use of Bartlett's test for homogeneity of 
vartanees indented reyeetion of homogeneity as a 
hypothesis for all measurements except No. 4, (time for 


the release of part Av. This ts not a surprising result sinee 


TABLE. | 
7 of Mean 
juare juate 
‘| 145160 16464 OS Is ri 4 ivi 
Sx ISO) (106.106) - | int 
SA b O05 15 WG, 17S 
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the very nature of a time seale is likely to produce a 


skewed distribution of observations since the senle Is 
bounded by zero at one end and by intimty at the other. 
The practical result of non-homogeneity is that the analysts 
of variance technique for analyzing the data cannot be 
used without adjustment of the seale. A logarithmic trans- 
formation of the data had the effeet of normalizing the 
resulting data by reducing the relative variation from 
the mean of the few large observations.’ 

» Thus all of the analyses of variance calculations were 
carried out for the transformed scale except for the ele- 
ment, Release of pin, which exhibited homogeneity of 


Variances, 
('ycle Times 


The partitioning of degrees of freedom requires the 
separation of Subject effects, Treatment effeets, Order 
effects and the interactions of these main effeets. Order 
effects reflect possible differences between sample one and 
sample two and as such represent learning efleets during 
the expernmment. The Treatment effeets can be further 
partitioned into the main effects and interactions of the 
experimental variables which are of particular interest in 
this paper. Table | shows the analysis of variance table 
for eyele times. 

Table | indicates that there was a significant Order 
effeet but that the first order interactions of Order with 
Subjects and Treatments yielded F ratios which were at a 
chance level. Therefore this Order effect is a simple practice 
effect and does not depend on either Subjects or ‘Treat- 
ments. The Subject-Treatment interaction was highly 
significant. Therefore, S * Tr. becomes the appropriate 
error term for testing the significance of Subjeets and 
‘Treatments, since we are interested in Treatment effects 
independent of Subjects and vice versa. The F ratios for 
Subjects and for Treatments are both highly significant, 
indicating that Subjects is a variable and that at least 
some of the expermental variables have significant effects. 
The Subject effeet is a common result of any exper. 


There parallel between the structure of these experiments 
and an information theory model The ine aren of 
that subyeet has as the treatment combinations vary trom the 
simplest level where all of the variables are at their lowest level 
ter the comple where all of the variables are at thers 
levels, represents an increasing amount of information generated 
Hetween these limits we have the other twenty twotreatment com 
binations which present varying degrees of chore to the subject 
The decisions to be made by the subyeet, therefore, come from a 
widenmg area of choree as the treatment combanation= go from 
the simplest level to the most complex level The rewult of thie 
that the information generated inereases with the inereasing com 
plexity of the treatment combinations The mformation m given 
by: SP log, where the are the of 
ing the right chotees in the various elements« of the experment The 
information a funetron of the logarnthm of the 
The base of two commonly used in information theory 
of unary code The empirical and information theory bert 
making the log cliffer buat they ter the 


result 
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TABLE 2 
Log Cade Time, Treatment 


Mie at 


iMethod of 1 0 

Total 7 (1,10) = 


ment Where human bemgs enter the expermnent. Individual 
differences in performance is the rule and all known motor 
tasks as well as other kinds of tests of human performance. 
The Subyeet effect is not of central interest in these expert 
ments, however [tos Treatment effects independent of 
Subjects which are of interest and they are displayed in 
Table 20 The vanable A (pace) is not shown for cyeles 
becuse cycle tine was completely determined by the 
rate of feed of part Ao The effeet of Pace on internal ele- 
ments is shown on the other four measurements. In 
computing the ratios in Table 2, the mean for S 
x Tr of 0.00200 with 105 degrees of treedous is the divisor. 

The most tnpheation of the results shown 
Pable 2 os that (Method of bestimation) is not signif 
In other words, the actual ieomplete Cycle times 
were forecast by mensurements made in the complete 
eyele and any differences between them were explamable 
chance variation. This result occurs in the presence ol 
highly siguficant © (Discrimination) 12 bands Used) and 
D effects, all sygnifieant at beyond the level. This 
an aeceptance of the basic hypothesis of the 
study, that os, that the elements are additive, or that evele 
times be predicted from clement times tensured in 
other cycles 

Since OF (Order) is the effeets shown in 
Table 2 reflect differences for the second observation only, 


for euch treatment combination 


Time for the Added 


The basic structure of the analysis parallels that) for 
(Cyele times except that Order and its internetions were 
found to be non-significant. As before S & Tr. becomes the 
appropriate error term for Subjects and ‘Preatments 
Subjects amd ‘Treatments were both highly significant ul 
well beyond the level. Table 3 represents an analysis 
at the Treatments 

In computing the # ratios in Table 3, the mean square 
for S & Tr. of 0.002290 with 165 degrees of freedom: is the 
divisor, The variables of (Pace) and 2) (lands Used) 
were significant at well bevond the Po: level. The Paced. 
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Unpaced by Hands Used (1-415 2) interaction was 
significant beyond the 5° level 

The Added Elements were those elements substracted 
from the complete eyele to form a forecast of the incom. 
plete cycle. It is to be noted that the variable C (Diserium- 
nation) is nonsignificant. The point in the eyele where 
discrimination was required Was apparently not close 
enough to the Added Elements to produce any significant 
effect. This brings out the important fact that although 
the time for motor elements interacts, the interaction 
takes place with elements that are close together in a 

A logical question at this point concerns the magnitude 
of the Added Elements for if they were minute it could be 
argued that forecast incomplete cycle times and actual 
incomplete eyele times were equal because an insignificant 
element was subtracted from the complete cycle. An 
examination of the data shows, however, that the average 
of Added Elements of LAL seconds per evele was about 
30° of the imeomplete eyele time of 4.04 seconds and 
about 23°) of the average complete Cycle time of 6.05 
seconds, This is hardly an insignificant proportion. 


Time for Grasp Plas Transport Loading 


The basic structure of analysis parallels that for cycle 
times. Order was significant, however the mteractions of 
Order with Subjects and Treatments were non-significant 
The S interaction was significant at beyond the 
level, and again becomes the error term for testing treat- 

Table 4 represents an analysis of Treatments. In com 
puting the / ratios in Table 4 the mean square for S x 
Tr. of 0.00902 with 345 degrees of freedom is the divisor 
A, BLO, and A-A’ & are all significant at beyond 
the 14 level. The most important fact revealed here ts 
that J3 (Method of Estimation) is a variable. This means 
that for Grasp plus Transport loaded the elements that 
followed in sequence affeeted the time. This is evidence 
that element interaction existed in the experment. This 


TABLE. 3 
spuare 

11° (Paced Unpaced 2 

1) Wands Used 1) 15227 
OF 

1.122 

Total *F (1.105) = 


Volume Vill, Number 6 


TABLE. 4 


Pw ¢ 2 le 

lime 

iwi 1 ts 

oy 


-trengthens the coneluston that additivity: exist for 
evele times even though element mteraetion exists 

the actual discrimination took in the 
of Part lowienl that C were a variable at all, it 
should be a variable tor Carasp plus Transport Loaded 

\~ with evele times, the effeets shown in Table 4 refleet 
differences for the second observatronms only for eneh 
trentiment combination Order im 

the question of tagmitude artes. Corasp plus 
ransport Landed conta effects and vet 
forecast and actual times are equal, Can this be accounted 
tor the time tor é usp ‘| Is 
that its effeet i masked long overall evele. The 
average time for the Gaasp plus ‘Transport Loaded was 


oof the evele grand mean and was therefore a rela 


5, the mean square for S & Tr. of L.6 with 165 degrees of 
freedom is the divisor, The variables 1° (Pace) and 1) 
(Hands Used) are both significant at beyond the 1%: level 
The interactions 1 & D and D are both 
significant at beyond the 1 level, The nonsigmiticance 
of ( (Diserimination) may agam indicate that to be 
affected by the C variable, an element must occur close to 
the of diserumination on the sequence of elements 
The significance of A & Din the absence of any maim 
of Comay indicate that exerts its 
effect on distant elements only asa stress load builds up, te 
in the presence of pace and a more complex 


pattern (the use of 


Time for Position Plus Release of Part B 


The time for Position plus Release of Part Bo was mens- 
ured only in the incomplete evele. The baste structure of 
the analysis is alse parallel to that for the Added blements 
mn that the variable O and its mteractions were all neon 
significant. The internetion S Tr. was highly 
at well beyond the 1° level and m ‘Table 6 it bs used to 
test the significance of treatments 

The results of Treatment effeets on the element Position 
plus Release are simple in that the only significant variable 
wis 22 Used). Apparently the pace level 
hurry person in performing the posttronmg element. The 
variable (Diserimimation) ts even though 
the Position plus Release clement was adjacent to the 
(jrasp plus Transport Loaded element where the 


took place 


(reneral Conclusions 


The main conclusion to be drawn from the expermental 
results is that additivity holds for the coneitions of these 
experiments. This coneluston tends to bear out the restult= 
found by Stiling’s simple task (21) amd te 
refute the results of the kev-tapping experiment of Cohiselh 
and Brown Sinee Stirling reports that anne 


rown'’s experiment was based on only one subjyeet the 


TABLE. 5 


Mean 
tively large element mm the evele — 
Time for leeloase of Part 1 0° (Paced | 22 
Phe time for Release of Part A oecurred in only the ' 27 
complete evele. Tt was this element where varmnees were U si 
and the log transformation was not earried that 
out. The baste structure of the analysis is parallel to that 
for Added Elements in that the vanable O and its interac. 
tions were all nonsignifieant. The interaction S x Tr 
was highly signifieant and well beyond the 1° level and 7 267 © 
Was used to test the significance of Subjects and ‘Treat- ( A 
Fable 5 represents the analysix of treatments. In Table 
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TABLE 6 
Time for Position plus Kicliase. Treatment flect« 


Af Mean bflect 


‘yuare 


Variat 


A ‘Pace ] 344 

Used 1) 1 241 O80" OF 127906 

1 © 2 

Total O05 (1.165 40 


strength of a general conclusion that additivity holds is 
unproved. 

Are the results of these expertments broadly applicable 
to all kinds of manual work? No definite answer can be 
given. It is to pomt out in thus regard, however, 
the nature of the task used is representative of light 
assembly tasks and both sensory and motor variables were 

The essence of these results indicate that the general 
construction of existing standard data systems allows 
eyele times to be forecast from mean element tines 
measured in different cycles, provided that the sampling 
procedure used developing the mean element times 


Wits 


Conclusions Ancillary to Additwity 


An interesting observation results from an examination 
of the effeets of A-A’ (Paced-Unpaced) for the four meas- 
urements taken on elements within the evele, In no case 
was A-A’ significant. [It does not) seem appropriate to 
extend this result to manual cycles in general, The A-A’ 
effect represents a comparison of the unpaced with the 
average of the two-paced levels. It may well have happened 
that the average of the two-paced levels selected matched 
the unpaced level, Since Pace was a variable for all meas. 
urements taken except) Position plus Release it) seems 
Wlogien! to assume that A-1° would have been generally 
insignificant Wf other pace levels had been used. 

Pace itself was a significant variable for all internal 
elements except Position plus Release of the bushing 
GQneomplete evele), Tt is interesting to speculate why the 
element position plus release should be an exception to the 
yeneral pattern Positioning elements generally require 
considerable attention Which could logically result in a 
lesser respotise to the iereased pace Since no response at 
all was observed, it seems that further research would be 
appropriate on this subject 

The variable of discrimination was significant for the 
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eyele and for the element Grasp plus Transport Loaded 
(where the discrimination actually took place), but was 
not significant for Release, Position plus Release, nor for 
the Added Elements. Discrimination seems to be effective 
as a variable at the point of discrimination in the cycle 
but does not seem to affect the clements which follow it 
Although the transport empty of the bushing was not 
measured it was probably affected by the discrimination. 
These general results are in contrast to those found by 
Simon and Smader (14). In their experiment, the subject 
grasped a washer from a bin and placed it on one of twelve 
upright pins. On half of the trials, the subject placed the 
washers on the pins with red dots up and on the other 
half, the washers could go on any way. Their results 
indicated that the discrimination was effective on all 
elements. Actually, however, their experiment confounded 
a discrimination variable with a motor variable for extra 
manipulatory elements were required to orient the red 
dot up. The motor variable may well have been the one 
that interacted with the other clement times. The results 
of the experiment reported here indicate that this may 
have been the case. 

The contrast between the use of one hand vs. both 
hands was significant for all measurements made. This 
general result agrees with results reported by Barnes, 
and Mackenzie (6). 


Future Peesearch 


With regard to additivity it would seem fruitful to 
earry out future experiments which would extend to 
variables not included in the experiments reported here 
for example, different classes of fit for positioning ele 
ments, distance effects, different grasping conditions and 
so on. If the additivity hypothesis can be accepted gen 
erally, then a large research project remains to be done 
in developing a workable standard data system for all 
classes of motion elements. This should parallel anthro 
pomet ric studies of bendy size, weight, ete. m that large 
samples of the working population of men and women 
would be required. The results should be expressed in 
terms of mean time value and variance. The resulting 
stundard data system could be used as a handbook of 
data by engineers designing machines in work places, for 
estimating labor costs of proposed parts and products, 
and as an aid in scheduling job lot parts in a production 
plant. 

Future research into pacing effects seems justified since 
little is now known about how the structure of element 
changes with increasing pace level, Our specifié study was 
suggested above, pacing effects on positioning elements. 

In the present study it was noted that the variable 
Discrimination had no effect on the element's Release of 
Pin, Position plus Release, or the Added Elements. Future 
research could be directed at the determination of how 
many steps away from the point of discrimination inter 


action Is present. 
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Industrial Engineering Today 


The following broadcast was made over W ABC, the New 
York City Station of the Ameriwoan Broadcasting System 
on May 14, 1957. [1 was intended to call attention to the 
then forthcoming National Convention and to make the 
general public tetter acquainted with Industrial Engineering 
The latter purposs could not, of course, be met by discussing 
the wubtletios of the subject nor employing tts jargon. 

It as hoped that readers will find this article useful in 
introducing Trends, employers or prospective students to 
Iudustrial Also it may serve as an erample 
of a successful attempt to talk publicly about a subject that 
Incomes only when the greatest care is crercised 

The Journal reprints the transcript with only minor 
cditing to heap the spontlane OURS Navor of the broadcast which 
was an unrohcarsed conversation 
INNOUNCER WABC, as part of its program to keep 
its tisteners informed and enlightened progress i 
presents thi ~pecial browdeast in con 
nection with the Natronal Conference of the Amen 
con of Dudustrial to be held i New 
York City at the Hotel Statler on May 16 and 17. The 
lostitute, an engineering society, devoted solely ter the 
profession of Tndustrial 

Toniwht, we have with us Airs. Gene Weeks, of Crene 
Weeks and Associates, and Dr Herbert Jacobs, of Dunlap 
and Assoemtes, Ine Todustral who will 
discuss some examples of ther work and what is meant 
by Todustral The discussion will be moder- 
ated by Professor Frank Gryna, of Rutgers University, 
the co-chairmen of the Conference. 

Carvin, could Vou Us it definition of 
PROF, GRYNA Yes 


eoermed with the design, ioprovement, and installation of 


Industral con 


mtegrated systems of men, materials and equipment 
WEEAS Couldn't we break that down a little bit, 

PRO GRYNA 
talking nhout the field of work stnplifieation Now, vou 
have done quite a bitin that area within the banking 


Well, “Hppose Wwe first) start hy 


industry. Could you talk about that for a moment ? 

MRS. WEEKS Well, ves, exactly as the term iiphies, 
work siopliication is a technique which makes it easier 
for people to do them jobs. One of the special projects 
we are working on is to rearrange the money in the teller’s 
cash drawers so that those bills which he uses most fre- 


quently will be night in front and easy to put his hands on 


* A transernipt of a browleast connection with the 
Annual National Conference of the ATT 
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when they are needed. There has been a good deal oft 
research on allied problems, particularly im the fields of 
business machines, now that bankers are eving new 
electrome systems, but naturally we feel that applieation 
is more limited in banks than it is in industry. Herb ha- 
probably seen more chances to extend work simplification 
to machines and more complicated technical equipment 
when prepositioning is vital and you want to get your 
work through as fast as possible. 

PROF. GRYNA Suppose we extend this to machines 
Is there any fear that the machines might replace the man 
eventually 7 

VRS. WEEKS Oh! Not by a long shot. The more 
mechanized industry has become, the more jobs have 
been created frequently jobs that are much more inter 
esting to do and whieh require higher skills, so that you 
get the chance to bring people along and relieve them of 
routine operations such as most people associate with 
factones, like pushing a button or pulling a lever. In fact, 
statistics on that show that when the population went 
up 2057, jobs went up about 70° in the manufacturing 

DR. JACOBS listeners might reeall that the Gal 
breth’s of the Cheaper by the Dozen fame were very active 
in the field of work simplification. 

MRS. WEEKS Well, as a matter of tact, 1 guess thes 
are the most celebrated people im it, and they really 
brought it down to terms that people can understand 
hrank Colbreth has a famous experiment on how many 
strokes it takes to shave himself, and whether he pulls 
the razor up or pushes the razor down his cheek, while his 
wile, Lilhan, (who is perhaps more famous for getting 
her famuly together as fast as possible) brought engineering 
into the kitchen so she could finally get a sink designed 
for her size and tse 
PROF, GRYNA 


engineering has broadened out to include many, many 


Very recently the field of Industrial 


new techniques. Herb, you have done quite a bit of work 
in this aren of operations research, What is operations 
research 

DR. JACOBS 
up, because T believe that operations research will become 
an important part of the Industrial Engineering of the 
future. Operations research is coneerned with the study 


lam very glad you brought the subject 


of major decision problems. These may be problems of 
capital acquisition or problems in the design and operation 
of large seale systems. Operations research has been 
successfully applied in such diverse areas as the develop- 
ment of mulitary tacties, the seheduling of industrial 
production, and the alloeation of sales effort 
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bor many years, Industrial Kngineering concentrated 
very heavily on the appleation of time study and the 
developiient job methads, One of the of 
this was that Industral kingineers tended to become known 
as “efliereney experts’. Lam very happy to observe that 
some of the recent developments in this field, operations 
research in particular, are helping to get Industrial boingt- 
neers aWway from too much concern with operations in the 
stall and are tomvelve them om larger dleeision 
probletis some of Which even stand to affeet the conduct 
of our entire industrial soctety 
PROF GRYN Tlow about a few examples, Herb? 
DR. JACOBS Well, one of the best examples that I 
ean think of isin the operation of a typreal supermarket. 
Now vou or Las consumers, for example, have frequently 
done our shopping on Friday evenmg or Saturday, 
and we have had to stand in line. Maybe there have been 
hive or six people ahead of us waiting to cheek out their 
merchandise so that they could proceed on home. When- 
ever this has happened to us, we, of course, have become 
quite exasperated and upset by the situation. But look 
at this from the supermarket’s pomt of view. The fewer 
check-out stations whieh they have in operation at any 
time means essentially that they can operate at a lower 
total cost. Obviously some kind of compromise is required 
between lower operating costs and unhappy customers. 
Operations research in this particular case concerns itself 
with finding the right number of cheek-out counters or 
stations to have working at any one time se that it doesn’t 
cost too much to run the store, and so that customers 
won't become tog unhappy by having to stand in line 
tow long. This ts an oversimplified example of what might 
he considered an optimization problem, Similar probleme 
ecetr in the management of inventornes, the programming 
of machine production and even the operation of truck 
fleets 
VRS WEEAS Could you sum it up and say that opera 
tions research is really the best analysis that vou can use 
te get facts as a basis for decisions 7 
DR. JACOBS 


~clenee or engineering of decision. Many large companies, 


Yes, operations research is really the 


lor example, are faced with problems such as where to 
put a new plant, what kind of earth-moving shovel to 
buy to perform a particular mining operation, how to 
control or their production so that them om 
ventories don't become too large. These are typreal un 
prortint decisions, probletis sometimes mvoly nig 
of millions of dollars of cost or capital investment. In 
treating problems of this type, rules of thumb, mmturtion, 
and “sent of the judgiment simply aren't 
enough 

PROP. GRIYNA 


probletn- of the temlay ix this of decision 


Certainly one of the fundamental 
(rene, Vel tell tis Ton this enters inte thie 
of cost control as vou have seen ition the banking madust ry 7 


VRS WEEAS Well, guess one of the biggest 
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the banks have been and are stell facing thos 
question of dividends the savings bank feld, tor 
stunee (Competition nage of Is, When a fellow meres. 
the street deciles to go up te or pretty 
evitable that vou have got te find out of vou ean cde the 
same thing. The operating cost of mutual banks i pr 
marily the cost of ther services, with prrestits on thie 
ol thre word rest of them 
frown gages with mterest rates that are pretty well 
controlled our present It is therefore im 
ter sew Vour costs are pared us closely 
possible se that vou ean pay this dividend to people 
PROF GRIYNA 


vou for a moment. Many of our listeners may wonder 


why «a is speaking here as an Tndustrial 
Now there aren't many women the professton of eng 
neermg today. Maybe vou ean tell us little. bat 
why you beeame an Industral or why you tee 
that women can do this kind of work well 

MRS. WEEAS Ud rather answer the question in general 
I think that women have a very positive contmbution te 
make to this field. At the risk of down on tiveet 
comments from the men here, that 
do understand people more, and the field of Tnetust rial 
hngineering is very basically people in the work place 
Basie problems usually revolve 
around how Vou get to work together how veo 
yet your communication through, how you teach them 
and tram them to dean entirely new job and W 
When you really upset ther apple cart on the work seene 
itt order te mew tee ers or new nes 
DR. JACOBS Would you say that this om kod of an 
appled woman's mturtion 

VRS. WREAS- Well, was trving te that term, 
Hlerb, beenuse bke to think that Industral 
is more than mtuition. tis really an appleation of seren 
tifie metheds to the work seene mm order to yous 
methods and make people happier on the job 

DR. JACOBS ‘The last expernence that had eon 
nection With women the freld of 
took place shortly after my first daughter was born | 
worked out a very careful sehedule tor preparing the 
baby's formula sothat it could be performed 
instend of an hour and a half. Thad no sooner completed 
this study and made what | thought was a very efleetive 
contribution to the field of Dndustral than 
my wile | jtist well take over the eon 
tinting chore of preparing the baby’s formula by way of 
testing the feasibility of this sehen 

PROF. GHRYNA ‘The certainly 
concerned with the field of relations, amd we have 
tip with «a new term mm the entlled 
Now Crene, would you lhe to 
cnn 

MRS. WEEKS Well, the termi new bait the ftreld 


pretty old. You have always had people on the scene beat 
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perhaps our constant preoccupation with people is new. 
Maybe one of the factors is that the labor supply is a 
hitthe bat short and a little bit expensive, so the best use 
Of those people becomes a rather item on the 
mdustral seene. Although there is a lot of research on 
this, on just what makes people tick and how they are 
motivated while they are domg things, it is still rather 
interesting to find the human aberrations that occur in a 
field that ts supposed to be pretty well controlled, such as 
quality control, One of our recent expenences took place 
in Italy where they were conducting a complete inspection 
of a certain. product; actually it was inspected what we 
engineers would call 300°. In other words, it was com 
pletely inspected three tines by 3 different: people, and 
still 50°) of the items were bemg reyected at the end of the 
line beenuse they weren't working In other words, 
you had a human failure along the line even though your 
system: Was supposed to be perfected to catch evervthing 
DR SACOBS They needed an inspector to inspect the 
Inspector, 

GRYNA Wouldn't it seem logien! that if we 
looked at every single unit that we produced, we would 
find all of the defective units 

DR SACOBS Well, Frank, why don’t you sav something 
nhout that and answer your own question? know you 
have hitd a lot of experience in the field of quality control 
PROK, GRYNA Well, Greene mentioned that) example 
over in Ttaly. We had to end up with 30057 inspection, 
and very frequently we find that af the inspection opers 
tion has any degree of monotony the human bemg 
just isn't able to find all of the defective units, so that 
looking at all the units we cannot expect to find all of 
the defectives 

DR. JACOBS Prank, excuse me, just) wondered af it 
wouldn't be worthwhile to turn this discussion for a 
moment to the subject of tramimg Industrial boigineers 
mn the future. The engineering field is very attractive to 
many of our people now in high school, and many of then 
must wonder what kind of opportunities are avathible 
in this particular field. T mentioned a few of the ideas in 
volved in operations research, which is really 
aspect of Industrial engineering, What kind of training 
and preparation can our people look forward to and what 
kind of Opportunities are there here? 

PROF GRYN Well, speaking as one trom: the 
world, within the past half dozen years or so the Dndust rial 
engineering profession has really spread out among many 
many different universities throughout) the country 
There are quite a few schools here and abroad that offer 
courses in this general aren 

DR JACOBS Let me just add a note to that and say 
that many of our Todustrial bngineering Departments 
are now offering special courses in operations research, 
statistical quality. control, analy sis and other 
areas. Much more preparation is berg required in mathe 


matics, screnees, statistics, nnd than en 
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gineers have traditionally been exposed to during their 
undergraduate traming. 

MRS. WEEKS 1 hope that they are still having some 
courses that deal with leadership too, beeause one of the 
roles of the Industrial engineer is to direct the team of 
scientists that have to work on some of the highly mech- 
anized equipment our factories are turning out. 

DR. JACOBS Yes, 1 think it is quite significant that 
more and more frequently Industrial bongimeers are 
helping to make important decisions, advising top manage 
ment on major decision problems. The role of the In- 
dustrial in our industrial society is becoming 
increasingly important as we concern ourselves with the 
study of large-scale operations in’ which substantial 
amounts of capital are invested. 

Dk. JACOBS Wow about the role of the Industrial 
engineer just as he graduates from school? Where does 
he fitin with an industrial company 7 

PROF. GRYNA most young Industrial bengineers 
must look forward, | think, to a pernod of preparation, 
af pick-and-shovel work while they are learning the ropes, 
learning how to handle themselves, learning how to solve 
problems. [T think that we must expect our young people 
to go through this sort of trammg and preparation for 
more important responsibilities, 

MRS. WEEKS A recent questionnaire to the member- 
ship of the Amenecean Institute of Industrial bngineers 
showed that it covered such a wide field that it is awfully 
hard to pin down exactly where an Todustrial lengineer 
begins, either in the product he is making or in the job 
that he is domg. It covers everything we have spoken of 
today and a lot more besides in the field of budgets and 
training and personnel work. 

DRO JACOBS We might just mention, too, that a number 
of papers on the newer techniques and newer aspects of 
Industrial Engineering will be presented at this forth 
comimg conference of the 

PROF. GRYNA- Well, 1 see we are running out of time 
l hope the discussion this evening has stimulated your 
interest to the point where you would like to know more 
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The EKeonomics of Work Performed on a 
Numerically Controlled 
Machine Tool’ 


By Thomas V. Atwater, Jr. 


and Treasurer. Product Dev len porte nl poration, Heston 


and Robert Gregory 


Phe techmeal feasibility of numerecally controlled ma 
chine tools has been established within the past five veurs 
\n early and extensive program im this field was the nu 
mericalcontrol project of the Servomechanisms Labora 
tory of the Massachusetts Tnstitute of ‘Technology. 

The coneept underlying numerical control is to utilize 
expleit instructions te control all operations of a niachine 
tool operation. This mvelves ruet ions 
of and permissible time for 
cutter, or work prece, or both, 2. a direetor to mterpolate 
the toachine, 3. control (servomechanisis) af 
the machine to execute the miero-umstructions, and 4d. a 
leedback system to machine execution of 
ribet ions 

hy wav of contrast, tracer controlled machine opera- 
rely complete particl analogs of the work 
piece ane some device attached to the machine to enable at 
ter the 

Numerical control uses digital information Ciumbers) 
stored on paper or tnagnetice tape to 
movements (in tmerements mensured X.Y, Z axes and 
rotation), and appropriate tine ements for machine 
instruction and control 

In this prajyeet a three motion vertical milling machine 
\ with servomechunimms and an eleetrome 
director, as shown on Figure capable of guiding the 


machine tool automatieally through compleated tiuachin 


pregeram 


Problem of Keonomic Analysis 


\n evaluation program Was undertaken following the 


fortunt this miachine svstem im Septem 


on a \ ally Controlled Milling Machine 
the Tnetitute of Technology, Servomechan 


othe States Are Foree Air Material 


steel 
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ot of lndustrial me ni, of lechnology 


bia. Numerveally Controlled Milling Machine 


ber, 1952. The Servomechanisis Laboratory performed 
actual machming jobs for customers to obtam comparative 
cost information and operational and tmamtenanee data 
under something resembling production comeditions. While 
the Servomechanisms Laboratory personnel were confident 
of their ability to analyze the technical expenence data, 
the authors, staff members of the Sehool of Industrial 
Management, undertook an econome appramal of the 
work preces performed.” 

Because the orginal project was sponsored by the Av 
boree, attention was first directed to the held of mulitary 
wireralt production in which the AMC goals supplant the 
familar industrial investor's question, “Does the new 
technique allow an increase mm net profit through an in 
crease mm revenue, a deerense cost, or The Air 
measures cost in traditional terns, but it measures 
revenue only terms of aun an muxture of 


number, types, condition, and performance of ameraft. An 


The teehmenal detail and «ome of the history of this projpeet 
af ‘i Numerically Willing elutes] 


Septeniber, 162 and Part dates) Mav. 
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evaluation of the effect on these factors of extensive appli 
cation of numerical control was clearly beyond the scope of 
our study. As a result, we were forced to limit the study 
lo comparative costs totally whore the 
tant performance features of numerical control for which 


we could get ne quantitative data. 


Casts Affected 
Among the cost factors affected by the advent of numert- 


eal control are the following: 


1. toachine time.) per part 

2 Machine 

Tooling 

1 and engineering cost 

1 ‘The quantity of single part produced per tine 

2 ‘The quality of parts produced, and serap and waste ratios 

5 ‘The Variety ol prarts produced 

1 The vanety of parts that can be handled by a given tooling 
organization 

5 ‘The vanety of parts that can be handled by a given produ 
engineering group 

apital conte 

1 ‘Phe cost of the 

2 Personnel tramrng 

The eost of rendpusting a work foree to cplimize the mew 


1 ‘The cost of existing equipment 


The Servomechanisms Laboratory files yielded reason 
ably complete and detailed information in two categories: 
|. the specifications for some 76 parts that had been pro 
duced, and 2. the expenditure of time for each step in the 
sinall quantity production of each of the above parts by 


numenen! control 


Areas of Uncertainty 
There was, however, no quantitative informa 


lion in the following arenas: 


t ikon costal numerecal control equipment 

bfleet of numerneal control on the 

S$. Which part or group of parts produced maght be considered 
representative of ameralt production 

1 The relative of the laboratory operation, particu 
larly oon the areas of Whieh 
laboratory personnel had no previous experience 

The costs of cooperating which 
furnished parts to the laboratory for production studs 


OW these factors, the last appeared to be the easiest to 
determine and was chosen as a starting objective, A com 
parison of production costs also has the advantage that if 
the new method clearly pefmits a reduction in total pro 
duction costs, its economic suceess is almost assured, and 
further study required 

It was therefore decided that the mitial objective would 
be to try to answer the question: Did Servomechanismes 
Laboratory costs indiente that numerical control tech- 
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niques were sufficiently developed to warrant industrial 
adoption by amreraft makers? 

It was soan evident, in the machine-evaluation pro- 
gram, that, while it Was easy to get sample workpieces, it 
was extraordinanly to obtain reliable data on 
current and comparable costs of workpieces selected. There 
were many different reasons for this difficulty, including 
these causes: 

1 Many parts were exapernmental and had not been produced 


by any method other than numerteal control 
parts mot been produced with 


euraecy 

was often impossible to evaluate the efleet of peripheral 
operat iotis such pre and 

1 Many companies were extremely reluctant to release then 
production cost figures unles- they were comoutlaged 
by overhead and mark up allowances 

> Most of the parts studied were diverted from normal pro 


duetion channels by tndividuals who were too remote from 
netunl production to be able to estitnate production 


nccuratels 


Company accounting practices often did not permit a de 
termination of cost for a single part from existing record 
and neither funds nor manpower were available in the coop 


erating companies to obtam such data by speed studies 


As a means of sidestepping such difficulties of obtaining 
data, it was deeded to obtain estimates of production 
costs from independent job shops for the pieces studied, 
Ten of the sample workpieces machined in the laboratory 
were chosen as reasonably representative of the range of 
work performed. Figure 2 shows the ten pieces selected. 

Mstimates of man and tiachine times to make each of 
the ten pieces selected were obtained from one or more of 
ten companies referred to hereafter as companies A to J. 
each cooperating company (as well as a number of others 
that we approached but which did not, for a variety of 
reasons, Work with us) was asked to supply detailed esti 
mates of operations, manpower, and machinery for making 
a piece, Rach company was offered payment at going mar 
ket rates for its estimating services (seven of the ten 
accepted such payments), and we carefully explained that 
no jobs would be assigned as the result of estimates fur- 
nished. We used every means available to try to keep the 
estimates from bemg influenced by a company’s need 
either to obtain additional business for its shop ortore 
strict the amount of business that it obtamed., 

We furnished blueprints, pretures and sample pieces to 
cooperating companies to study in making their estimates 
They were asked to deseribe the production process and to 
estimate the time to make each prece in small (one to five) 
and maderate (25 to 30) quantities, We concentrated our 
attention on those operations required to achieve as 
nearly as possible the same results as were achieved by the 


Servomechanisms Laboratory operations. 


(lost Rates and Job Studies 


Our original study of the ten representative jobs devel 
oped comparative cost mformation hy estimates on each 
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job obtammed from at least one madependent shop 
kor brevity, the full data for only one job, the engine 
mount, presented here. In a later section, the nature 
of each job and production imformation ts briefly de- 
seribed 

In our full report, operations are listed in enough detail 
ter ~oparately rake ready and production 
costs. Miakeoresdy costs, for numerically controlled pre 


clipe classified its 


Seleet of tiatulacture 


center 

Prepare tape. converston of tool center trom 
decimal te term 

Plan, design, and make holding tivture 

5. Test and debug program and fixture 


Set 


The operations done by the Servomechanemes Labora- 
tory not mveolving its machine are prieed at the 
nveruge rate ol So fo Wages related 
other tiachines, ete Studies ol 
Wage rates bot thie job =khills in make 
and operation at the Servomechaunisis Laboratory eon 
vineed us that an average rate would serve quite well to 
eover all the skills involved. Although economies 
urine’ Preeti less skilled betas, 
thers are considered here 

tee related) costs, SO purr ing 
hour tneluded tor the time that the conn 
trolled mulling taaehine was used Cixture and program test 
tnaehine setup, preee setup and metal This 


Wits estimated us follows 


lafe, operatong 2000 hours per veur 
beat exeludmg operate Labor on 
tage comt 
(Operating cost of a controlled 


estimated cost of operating numerically -cont rolled 
machine tools of the type under discussion is, of course, 
subject to question. The eapital cost of the orginal ma 
chine and director developed by the Servomechansime 
Laboratory ts tet precisely known. Even of known pre 
ersely, such cost would not be completely suited to our 
purposes because an economy study dealing with adep 
tion by tdustevy involves the cost of the commercially 
available model, not the present expermental prototype 

The estimated cost of So per hour for labor and related 
costs not involving the machine and SS per operating hour 
for the numerically controled machine tool itself are used 
itt dssessihig the man and machine costs reported by the 
Servomechanismns Laboratory for the job discussed in this 
~cetion. Tf these rates are not considered realistic an 
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REAR SPAR ENGINE MOUNT 
Forging Solid Biller 


LAUNCHING SOCKET SUPERSONIC NOZZLE BAPING PLATE 
Forging Costing ¢ ating 


Cac CAM TEMPLATE PROPELLER TEMPLATE 


Piote Stock 


WHEEL-SLIDE CAM 
Plate Stock 


PRINTED-C UIT BOARD 
Beard “tou 


Det BLOcF 
Die al 


environment, they ean be converted to a desired 
rate or rates 

hor cooperating machine shops we the opers 
tions as relating to pol make-ready or toe production of the 
nedividual preee. Manual operations 
caleulating, ete, were priced ut So peer hour tocover Wages 
overhend were alse priced at Se 
per hour te cover all costs, mehidig an operator This 
average rate Was thought appropriate tor the cooperating 
Was substituted) wage rates actually 
paid, types of mvelved, and overhend structures 


Fitting 


The engine-mount attachment considered here 
an example of a “hogout’’ from a forged tullet of 145-16 
aluminum alloy, approximately 5° \ 
print of the piece is shown in Figure 4. Pietures of a partly 
finished piece and finished pieces are shown | 


This piece was designed to be made trom a torgung by 
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big. 3. Print and bagine Mount Fitting 


machining the mounting surfaces and holes only. How- 
ever, the work in sinking the dies to make the forgings in- 
volved about four months elapsed time. In order to speed 
manufacture, it was decided to make 33 pieces from solid 
billets by machining all surfaces. As it turned out, less 
elapsed time was required for completely machining the 
desired preces than for sinking the dies and machining 
merely part of the surfaces. 

Information was obtamed from the Servomechanisms 
Laboratory and two machine shops concerning production 
of this engine-mount fitting. 


Servomechanisms Laboratory 


The Laboratory used its numerically controlled milling 
machine for all operations except the orginal facing of one 
side of the billet, dritling three holes for hold-down clamps, 
and dnlling-boring the holes with shoulders. Some of the 
operations, especially major metal removal, might have 
been performed more economically with a metal saw, if 
available. 

The complete program required eight fixtures, six for 
use on the milling machine and two for use on the lathe in 
drilling and boring holes. The fixture problem was acute, 
because the finished surfaces were not at right angles to 
each other and required use of a universal tilting table in 
six operations. Briefly, the fixtures located the piece for 
each operation from three reference surfaces, one in each 
plane. ‘These surfaces were machined in the first: opera- 
tions on the mulling machine and were maintained through- 
out the various operations as long as necessary to provide 
proper location of the work piece. In the last two opera- 
tions the center nb was used in place of one of the surfaces. 

Twenty operations, thirteen of which were done on the 
milling machine, were required to machine the billet into 
a finished piece. A complete list of the operations indicat - 
ing the machine used for each is shown in Figure 5. 

The costs for make-ready and per-unit cost of machin- 
ing 33 pieces in the Laboratory (excluding the cost of 
drilling and counter-boring two holes and filing-polishing 
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which together accounted for approximately $640 of 
fixtures and $42 of machining by the lab) are shown in 
Table 1. 

The programming time of approximately 278 hours was 
required to determine the exact path of the tool from the 
dimensions given on the drawing. This included computa- 
tion of the equations for intersection of adjoining spherical 
and cylindrical surfaces. Graphically determined tool- 
center loci were used in shaping the cone 

The total cost for the Lablratory to machine the first 
piece was $5,598. About half of this amount was spent on 
fixture manufacture and half on programming and tape 
preparation. The cost per piece, after the first, was quite 
small’ at only S80 ($54 for milling machine and $26 for 
other operations). These costs are plotted in Figure 6. 


Company I 


A small machine shop near Boston estimated the man- 
machine hours required to cut this fitting from solid metal. 


TABLE | 


Time Labor | Total 
lead 
Programming 
(seneral planning 241 S500) 
Determining tool center loci | 254 | $5.00 
Siu 
Tape preparation 
Tape code preparation 500 
Tape punching, checking and 7s 500) 
correcting 
Dry run and debug program 25 $5.00 
and fixture 
hixtures 
Design and cheek ‘2 
Detail 500 
Manufacture 
$2575 
Machining on numerically con 
trolled mulling machine 
Setup fixtures (once per run) 
Metal cutting, per prece is is 
(ther operations 
Setup fixtures (once per 
Setup, per piece 5 5.00 2 
Metal cutting (bore. drill, 249 5.00 
etc.) 
Hand finishing 500 
Total 
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Phe cost tof operations to give results comparable to those 
obtained the Servomechanisms Laboratory Was 


mated as shown in Table 2 


TABLE. 2 


per 
erhead 


NInhke reseed: 


Planning ? 
bixtures Negliguile 
Nose 
Piece set up So Sw 


The machines involved included a metal saw to rotugh- 
eut the block to approximate shape, and a mulling machine 
and a tilt-henad mull to cut the first piece bor proctuetion 
in larger lots, say 20 to 30, the first piece was placed on a 
milling machine with contour tracing attachment and 
three fixtures, estimated to cost were te 
rechice set Hip tite per piece Set the fixtures was ests 
mated to take about as long as the set for cone 
deseribed above. Thereafter, machining operations could 
be done faster for each prece. Preees run with this tooling 
were estimated to take about JO) pereent as mueh ban 
dling and tiachining time as the first one. 

The estimated costs tor making tip to 0 prieees with the 
machining time per prece expected to decrease throughout 
the lot, can be stmmarzed as shown in Table 3. 

The costs for this company to machine one preee and to 
machine a lot of 30 are plotted in Figure 7. 

\~ pointed out previously, the manufacturing procedure 


€ «onl 
heal 
shee ve 
hating Ne 
bixture design ated 
\I first 
NInehine next st ‘ar, 
of tnt tite 


Machine next LO pieces at 

eof machiming time 

$105 75 75 
NInchine next 10 pieces at tar, 


of unt machining time 


bia 4. Two Views of Mownt Fittings Partially tm 
chimed. af Completed fit 


actually followed by the Laboratory and the plan pro 
posed by the machine shop consisted of machimung the 
engine-mount fitting from a forged block of 
The original spree totes lor this fitting 
were to machine it from a forging with substantially the 
desired shape. [t was thought desirable to explore the costs 
of making dies and using them to forge thie prherere \ com 
posite forging-plus-maching estimate for this part 
summarized im the following 


Summaries of Comparative Costs 


The information obtamed from one detained study was 
presented above for the engine mount. A bret evaluation 
of the data obtamed for the other nine jobs illustrated m 
bhigure 2 seems desirable even though the detailed mfornma 
tron ts omitted for brevity 

The principal metaleutting areas represented are 
machining to specifications trom ballet, bar stock, or ex 
trusion: 2. finish machining castings and forgings, 4. pro 
file and three-dimensional milling of eames and 4. tem 
plates; and 5. miscellaneous jobs such a= diesinking, We do 


not have enough observations within each aren to draw 


firm conelusions, even aside from the problems of repre 

; sentativeness of the firms and work preees meluded Tow 

ever, the studies may be taken a» of 
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‘ Time Minutes 
= 
Ne, thine Tool Fixture Description of Operatior | Handling Cutting 
(per run) (per piece) (per pre e] 
billet quatre billet if necessery 
holes te 
all Setup Dell thee wole diameter 10 
deep tor hold-down clamps 
raf t it nd 10 h steps in billet to remove 
/ long excess material. 
lute end oudn eps in bill ) ) 
MATA &” long excess material. tool chang 
the f ue hole in 
4 athe Lathe ix ough bore j-step wle 0) 
ture No. 1] vertical flange. 
+ + — 
2-ste hole at 90° to bored 
hole done in operation 4. 
N dia. & (lute end | ELOO9 Tilt | Machine outside of horizontal 
MPA mill 4° long Table $°50'| flange leaving 0.050 for finishcut 
ae LLolo Machine inside of flanges to 
114 flute end 
/ : Work approximate contour of finished 
Piationm piece 
Further machine inside to approxi- 
N 4 flute end 
tar Tilt Table mate thick rib 
AtA mill 4° long eee 
n° 5% spherical dia., remove steps ) 
Rough and finish machine surfaces 
dia. 4 flute end 
j aes Wor of 1/2” thick rib and inside of 
AtA mill 4 long 
Piatform horizontal tlange 
+ a - + 
Shur LLOLO Machine L4"radius between sul 
dia. < ‘ 
ne Work Plat. | face of V2 and inside ot 1? 
ria 
CLOLI Tilt | horizontal flange. Machine 
Table tlat radius on end of 172” rib 
- + + 
yur sphere and sid of 
Wor 40 
te radius ri rib anda adjot 
flat . 
rye | 7* taper Tilt | Pinish machine inside of 
to tell end fable 7°43'| vertical flange 
flute end TELOO9 Tilt | Pintsh machine outside of 
1 long luble horizontal flange 
} -— . — — —_— 4 4 
lie flute Contour cone on outside of horn 
om | i Table zontal flange. Machine finished 
4 j 5° 40)" outline of horizontal flange. 
rio}? Pinish machine outside of 
verti | fl Irv ludin: eon 
At. amt touring triangular and circular 
bosses.) 
Tilt 
ia flute end Machine slot in edge of 
14° 
‘ ; t 4 ~ —4 
dia flute Tilt | Machine recess in outside of 4 
mall Table verti a) flange 
1 Lathe Lathe ix Finish bore 3- step hole in 40 
' ture No, 2 vertical flange. 
all Drill 1/8” hole for cotter pin 60 
| tf 
| 
Ma 
| 1110 j 
| rae 
| Cot 
Mis | 
Hand Finish 110 
hia 5S Program Summary for Machining the bengine Mount Fitting 
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relative eflicrencies in each area, and the reader is always 
free to modify our interpretation by adding his own de- 


tutled comparative data 


Machining from Bar or Billet 


In the aren of machimung from bar or billet, two work 
pieces involved profiling and hogout work. These were the 
rear-spar fitting and the engine mount already discussed 
in detail, Both might normally be expeeted to be machined 
trom solid stock for prototype areraft. The rear spar might 
be a hogout or a forging in production atreralt, while the 
certamly he machied trom a 
forging in production 

The rear-spar fitting data are distinguished on several 
counts. We obtained informal estimates from one small 
and one large shop, fully detailed Laboratory data sheets, 
and a carefully detailed, step-by-step estimate from a me 
dium-sized shop. The two ttormal estimates yielded costs 
substantially below those inputed to the Laboratory’. 
method at anv volume. In turn, the Laboratory's make 
ready Costs were considerably higher than those of the 
well-detailed costs of the third estimator, but the Labora 
tory’s production costs per unit were enough lower to 
produce a smaller total cost for as few as 12 pieces. Fi 
nally, the two low-cost estimators on the rear spur job 
planned to use a poured matenx-metal fixture to hold the 
work, and one of them based his estimate on the use of a 
three-spindle milling machine. [fit is assumed that these 
techniques are suitable for an ordinary mulling machine, 
they are also usable on a mumerteally controlled milling 
machine. If we make an allowance for these factors and 
focus our attention on actual per-pirece setup and machin 
tines, the Laboratory's eX perience Is clearly “Hiperior 
to all estimates 

For the engine-mount fitting, on the other hand, one 
smnall shop indieated that it could substantially reduce the 
costs realized by the Laboratory. This shop, Company [, 
estimated that it could produce the engine mount with 
neghyible planning and fixtures. This estimate difficult 
to necept, since the engine-mount fitting appears to be the 
second most compleated machining job of the ten. 
for the conneeting-rod die, none of the other nine parts has 
as many odd angles and shapes with inplicit locations 
Cnfortunately no other estimate for this piece was ob 
tained on a stramght hogout basis so it is impossible te 
compare this company’s figure directly with any other. 

\ composite cost estimate for the engine-mount fitting 
was constructed by securmg estimates for forging die and 
production costs on this preee. This estimate imdieated 
advantages of the mumeneally controlled machine for 
prototype production of a part that ultimately will be 
forged. The first 33 parts made by the Laboratory were 
completed elapsed tine comparable to our estimator’s 
die procuetion time, vet two engimeenng changes were 
incorporated in the program. Four of the exht fixtures 
would be te lorging- rite 
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Fie Mount Fitting Cost« Laboratory 


further programming would be required to delete the 
finishing operations from the hagout program to make i 
suitable for forgings 

The rear-spar fitting was relatively simple to program, 
but the engine mount, involving unusual combinations of 
surfaces, was diffieult. Also, for both eases, the Labor 
tory’s fixture costs were considerably higher than those 


estimated by business 


Finish Machining 


The second job-area, finish machin on castings ane 
forgings, is particularly important, simee the numereally 
controlled milling machine was orginally mitiated as 
complement to the Air Force heavy-forging program, amd 
generally, such work makes up a substantial proportion 
of all mulling machine use 

In this area three parts were studied with the help of 
<< business firms. The most representative part was the 
aireralt: launching socket, whieh was an aluminum forg 
ing. The second was the supersome nozzle, machmed trom 
a mechanite casting: and the third was one of a famuly of 
bearing plates east 

Since the nozzle represents a rather extreme case of mn 
appropriate machine-tool assignment, can be treated 
with dispateh. The estimator i the jobs shop furnishang 
information planned to use a Piseher copying lathe, and 
furnished us a clear and fully detailed estimate. we foetus 
only on those cost clements reflected in the Laboratory’. 
operation, the Laboratory had lower make-ready costs, 
higher per-unit production costs, and total costs lower than 
this company on a small volume of from one te three 
nozzles. The ease is interesting chiefly as a detnomst ration 
that numenent-control techniques can overcome rather 
extreme unstitability of a machine tool [tis alse 
ing evidence for our earher observation that,given faves 
able programming and work-holding opportunities, mu 
mercal-control methods can win out the volume range 
of ce’ piece to it few pieces It 
however, that none of the typnenlly 
mated fairly low costs was willing to tackle this job 

The companies estimating the cost of machmung the 


launching socket represent a sere 
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New job lot contractors, The two smaller 
hops displayed significant mdependence them ests 
mates, with one of them consistently low, the other ordi 
narily somewhere wear the average. The two larger shop. 
both produce machine tools as well as job-lot work and 
all four shops have had some expernenee on work. 
The estimates submitted varied considerably in the amount 
of detoal furnished and in the degree of formality of atten 
given te the but all were probably fairly repre 
entative of the regular estimating practices of the firme- 
upplyving 

the range of costs resulting from attachmg dol 
leat prices ta the “trikingly ~Vinmetrieal, 
the few observations ol course, 
the same distribution displayed by the aggregate of all 
thie 

One of the larger shops had both make-renady and pet 
production costs substantially higher than the 
Laboratory The low-cost small shop was so much lowes 
than the Laboratory moits make-ready estimate as to raise 
thie bon comparability work mvolved. [ts unit 
production costs were slightly lower than the Laboratory’ 
costs. The other two presented the tore common 
relationship of lower make ready costs but somewhat highes 


peer ion costs, so that the Laboratory's total 


dipped below thems at some 


volume range “The larger of these shops liad) somewhat 
lower total estimated costs than the stialler shop, whieh 
woes toot the usual perience, but we should alse 
that this larger shop furnished only informal, though 
rensonably detailed, estimates, Further, this shop gave an 
alternate estimate thos puart Which mvolved higher 
remdy cost lower tnt costs based mn puart ton the 
use three spindle copying This estimate 
ented that thus total costs bor larger lots 
fall below those of the lowest estimator at about SO units, 
aid would also be lower than the Laboratory's costs at any 
volume. Again, however, it should be noted that) three 
spindle tools are thoroughly compatible with mumerteal 
comtrol It be ter ceded that thos 


company bad, by 1955, pone inte a full-fledged numerical 


344 THE JOURNAL OF INDUSTRIAL ENGINEERING 


coutrol program of its own, delivering its first commercial 
machine tool with numerical controls early in 1957. 

The bearing plate comparisons, using estimates fur- 
nished by two medium-sized shops, were quite consistent, 
it that) Laboratory make-ready costs were higher than 
those estimated by either firm for small or moderate vol- 
umes. Numerically controlled milling-machine unit) pro- 
duction costs were enough lower than the commercial 
estimates to produce a total cost: cross-over somewhere 
between 1O and 20 units, and to produce 30 units at a 
total cost about one-third lower. 

The bearing plates were simple to program, and, sinee 
they were a family of parts, it is probable that comparisons 
over the entire lot would favor numerical control even more 
strongly, because tape preparation for each variant would 
probably be less costly than the conventional shops’ 
mdditional costs 

The objective judgment of the Laboratory's 
pernence in this unportant area is that tts costs are now 
competitive and that currently developing improvements 
might well result in clear-cut superiority 


Profiles and Cams 

The Laboratory experience shows great promise in the 
third aren, that of cam-cutting, but our conelusions 
be somewhat more qualified than they were in the area of 
castings and forgings deseribed above beeause the facet 
that the cams considered were probably not typical of the 
aren as a Whole. The two cams studied were mathemati- 
cally described and both involved a full 360° rise or fall, 
whereas typieally no more than five pereent of the came 
manufactured would have these characteristics. Though 
several methods are used to produce cams in industry, 
conventional production costs probably vary inversely 
with the amount of dwell specified. While this relationship 
would also exist if the numerically controlled tool had a 
rotary table, the costs of cam production on the Labora 
tory’s numerteally controlled machine did not vary greatly 
as a funetion of degrees of dwell because a Cartesian co 
ordinate Was used. 

‘Two sets of considerations, one favorable to the Lab 


“—oratory’s operation, the other unfavorable, need to be 


remembered in interpreting the cam-cutting cost compart 
sons. First, favorable factors include the fact that these 
were numerically defined and thus could be econon 
cally programmed. Cooperating companies, however, 
were forced to allow for a disproportionate amount of com 
putation in contrast to cams specified by graphs or tem 
plates of some type. Second, cam production ordinarily 
involves a large number of tool-locating moves, an aren 
in Which numerical techniques exeel, Third, cam produc 
tion generally requires a high level of precision throughout 
The generally uniform performance of numerical control, 
from the start of a tape to its end, is a distinet asset 
Problems of metal cutting, tool deflection, and the like, are 
of course encountered in any method. Finally, cam pre 
duction is ordinanly demanded in the small-volume range 
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for Which the Laboratory designed its numerieal-control 
techniques. 

On the other hand, two-dimensional cams can be pro- 
duced accurately and efficiently on ordinary copying ma- 
chines if an accurate master is available. For production 
of relatively large numbers of identical cams, therefore, 
many of the above advantages disappear. 

With these points in mind, the Laboratory's experience 
with the CRC and wheel-slide cams is clearly favorable. 
(on the latter cam, the Laboratory's total costs were below 
those of Cooperating lor quantities well above 
the ustial lot-size demanded. The Laboratory's cost to 
make the CRC cam matched that of the job shop. In short, 
the Laboratory using a machine tool that was inefficient 
for the job produced results close to or superior to those 
achieved by highly developed, conventional methods. 

Private industry has already applied numerical-control 
techniques to specialized cam-cutting tools. While we have 
not obtamed detailed or documented data on these appli. 
cations, Laboratory data indicated early in our study that 
such move Was quite It Is perbiapes worth 
the facet that the mse in demand for automatic computers 
ond simular equipment has created an mduced demand for 
three-dimensional non-crreular, eames and gears. The CRC 
com, though three-dimensional om design, was cireular. 
Nomerenlarty would have affeeted Laboratory program 
ining costs somewhat, but probably no other elements of 
cost Would have changed greatly. Company cost estimates, 
however, would probably have gone up substantially om 
response to non-cireulanity, sinee cutting equipment useful 


for crreular cams would no longer serve 


Templates 

Laboratory expenence mdicates favorable opportunities 
lor further application to the fourth area, template manu 
laeture Many yeneral cn production ure 
applicable here. Llowever, template production is typieally 
better surted than cams to the Laboratory’s cartesian 
coordinate system, so that the only aspect of machine un- 
stutabality displaved here (this was also true for cam pro- 
duction) is in the size of the machine tool used. A small and 
less expensive tulling machpne is normally suffierent for 
com and template 

We do not have as many observations on templates as 
we should like, for we obtained only one useable estimate 
This estimate was, however, representative of two others 
that we discarded because of insufficient detail in, partieu 
larly, clapsed-time estimates 

The preture is quite clear, though. Agam the Labora 
total costs were below those of estimating cotm- 
panies for production of a few pieees. Make-ready costs 
were somewhat higher, due largely to the fact that the 
Laboratory used a specially designed and constructed 
fixture, but mene of the commercial firms did. The per 
nit production cost advantage held by the Laboratory and 
the mumeneally controlled tulling machine was substan 


tial 
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Where more than one template i desired, mumertenally 
controlled production may well be economical at present, 
since template specifications will ordimaniy require hand 
finishing of each unit produced by conventional methods 
The aireraft-propeller template studies is a testing device 
manuiactured in moderate volumes. Should 
developments inp programming and work-holding show 
numerical-control methods to be competitive with conven 
tional methods im the production of single units of this 
Type, the demand for mumerteally controlled eve 
and related personnel would be greatly inerensed, beentuse 
substantial proportion of the demand for templates ts mn 
the low, say one-to-five, volume range 


Miscellaneous Jobs 


In addition to the work-areas summarized above, we 
studied two jobs that did not fit neatly inte any of those 
ecntegories, 

The first of these is die-sinking for the comnmeeting-rod 
die-blocks. Two thoroughly expereneed shops furnished 
data on this operation based on their actual cost mforma 
tion. In spite of the fact that two aspeets of the job were 
favorable to Laboratory techmiques, the end results of the 
Comparison were unfavorable 

There were two favorable pomts. First, the svinimetry of 
the che eavities made tt necessary to program only one 
quarter of the total metal-removing operation with the 
other three fourths cut by rerunnng the single tape with 
director signs reversed. Second, ordinary die sinking re 
quires COnTINUOUS machinist of the cavity, so that 
air cooling, rather than liquid, is necessary, and metal 
removal is consequently relatively slow 

On the other hand, the contours of the cavities were not 
expheitly defined and mvolved several mtersecting sur 
faces. Both of these charactertsties result in high program 
ming Costs, 

In spite ol the favorable aspects ol the 
und lape- preparation costs were 
greater than the modest template and lavoout costs for 
commercial machine shops. While numerically conmtrotled 
metal-cutting time was roughly one-half that of the two 
die-sinking firms, our costing procedure results on altnest 
identical @ost= for this phase of the operation 
quently, the high program and tape preparation costs are 
recovered only for relatively large numbers of die sets. “Thi 
relationship would be markedly different for dies that 
reequire models or masters for comventronal ion 
stead of the simple templates required in this case 

This case illustrates one important aspect of 
control, namely that the costs are not dependent upon the 
accuracy of the work produced. Thus, sinee the forging 
produced by these dies will be rough and fish machined 
all over, die accuracy ts not of first rportanee and the die» 
may be preaduced with simple layout and tenplates 
for numerical control if the toleranee tm OOO on 
O=.005 teh. ‘Thus While cost of comventional dies would on 
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crease sharply if greater accuracy were required, numerical 
control is already altnost as accurate as possible on the 
present machine tool, and the additional accuracy could 
be obtamed with little in cost 

The second in the miscellaneous category was the 
printed recut board. It proved favorable for numerical 
control procedures i spite ot the fact that Laboratory 
personnel fuled to take advantage of an opportunity for 
programming and work holding 

The beard comparisons are mteresting for two 
borst, the Laboratory operation Wis 
more than those of stitnuting 
Second, this problem, like the bearmg plate discussed 
briefly above, involved a family of different but) closely 
related work preces. The cost= we allocated to the numer 
eally controlled “operations were based on the assumption 
that only one board was produced, since we limited our 
mvestivgutions to a hound Hlowever, a “bbrarv” of 
tapes Was developed covering operations repeated tre 
quently within the famuly, and the fixture used was suited 
boards produced, so some meight was gamed in the 
to bw expected from numencally controlled 
common tdustrial situation. The 
of mumenealcontrol programming would ap 
pear to be a valuable asset oan firms produc 
of parts, each member of which varies trom the 
others one or more dimensions. The paper tapes, which 
swerve the same as complented templates 
are and mexpensive to spliee, dupheate or 
store, ship 

The favorable cost comparisons on the board also 
Wlustrate meely the value of numertcal-control 
does not work between stations on the work-prece, appear 
lo be a particularly tratfal area for exploration. large 
New bogland machine tool maker has, sinee this study, 
developed a mumercal control system for its precision jig 


borers amd hole grinders 


Summary 


To summarize this section on work-classifications, we 
note that the abulity of the Laboratory's numerically con 
trolled mulling machine toccompete with established shapes 
using a Variety of tools ina wide range of metal-cutting 
ts thest Since all parts were designed for 
conventional methods, this is a remarkable accomplish. 
ment. boven those cost stucies least favorable to the Lab 
oratory operation showed numerically controlled metal 
cutting to be faster than conventional, but the studies 
emphasize the need for further maprovements make 
ready operations, A substantial reduction in make-ready 
costs mught be expected to result: simply from: mitegration 
at techniques mto the overall rial 

\ rather surprising result of this study was the spread 
ol the present cost data. bigures S and tadieate the 
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range of data obtained. Figure S&S summarizes the total 
make-ready and machining costs for production of a single 
piece, The total make-ready and machining costs for the 
Servomechanisms Laboratory are treated as 100 for each 
piece (regardless of the dollar amounts actually concerned ) 
with the cost estimates for cooperating companies con- 
verted to percentages of the Laboratory's costs. This puts 
the costs for each workpiece in comparable terms, but 
between Various work pieces Is not meaningful. 

bigure shows the cost of mnachining 30 of each work- 
piece, Again, the costs for each piece are converted to 
relatives with the Laboratory's cost for each piece equal to 
percent, 

Anu important fact brought out in Figure S and 0 is that 
the Laboratory's costs he high in the range of estimates, 
\nalysis developed the fact that programming and tool 
mg are chiefly responsible for the relatively high total 
costs of the Laboratory's work. 

Among the conclusions that may be drawn from this 
study are 

| Ft ts possible for «a contract manufacturing facility to exist 

and continue to do business, at present, ion the midst-of com 


whi ut least extitnate work nut lower 


The new technique of numerncal control, as practiced by the 


personnel of the Servomechanmms Laboratory using an ex 
work to be done at costs whieh 
le withon the range of costs estimated by firme practicing 
presently established techniques 

if the Laboratory had been able te carry out tool de 
sgn and manufacture as economically as the cooperating 
estimated that they could, the Laboratory total 
costs would have fallen more nearly at the eenter of the 
range of estimates 

Any appresable improvement inp programming and tape 
preparation tee will render namerweal control clearls 
even without improvement in the machine tool 
equipment) Conversely, any svstem requiring more costly 
programming procedures would sermously reduce the range 
jole Which can be performed economically 


These should however, accepted 
Without reservation. They are based upon a small and 
uneertain sample operation, in which tt has been impossible 
even to estimate most of the uncertamties. Tlowever, our 
initial question, relating to the economie feasibility of 
adoption of mumerical control techniques by aireraft 
makers, can be given a qualified “yes.” [It is not clear 
whether this reply should also be given to less-specialized 


machime-tool users, 


General Evaluation of the Study 


It was stated earher that in) comparing production 
methods the effeet of the new technique on revenue would 
not be considered. Within the framework of this limitation, 
it should be possible to draw one of the following three 


of numerical control are large Weel 
rant serapping existing equipment immediately. and re 
at with numenecally controlled tool. 

Cost savings of numerical control are not enough to warrant 
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Basis of Comparison 


Whether cost savings warrant adoption 
the most severe test that anv new method or tool faces 
bor an affirmative answer to this question, total revenue 
mints total cost with the new method must be preater 
than total revenue costs with the 
old 

Most potential users would have to determine conelu- 
sion F. for themselves, on the basis of detailed, highly 
specitic analyses. We beleve, however, that our study can 
to a general choice between conelusions 2. and 3., 
after some consideration of our study methods, data- 


yathermg techniques, and evaluative dectsions. 


Pricing the kstimates 


metal-cutting techniques were 


closer to conventional techniques, it might not be neces- 


348 THE JOURNAL OF INDUSTRIAL ENGINEERING 


sary to show costs in terms of dollars for the cases selected 
for study. That is, if our studies required only comparisons 
of two rather different methods using different quantities 
of similar inputs, the study could be done in terms of the 
familiar labor and machine-time evaluations often used 
by Industrial Engineers. Dollar costs would probably be 
used to determine the outcome of the comparisons, but it 
would not be necessary to price the numerous inputs that 
were identical for both methods. However, the numerical 
control production technique differs from conventional 
metal-working processes at every step from design through 
Inspection.” 

This radical difference made it necessary to secure cost 
estimates that were fully detailed and carried through the 
same range of the production processes by both techniques. 
In general, we were able to obtain such information. How- 
ever, it Was necessary to price physically non-comparable 
inputs and express the costs for each method in dollars as 
a common denominator. 

Despite this need for dollar prices, our main effort to 
secure precision Was restricted to acquisition of technical 
details. Capital costs (control-equipment construction and 
installation costs, development expenses, and learning 
times), labor skill requirements, and prices involve sub 
stantial areas of guess-work. Our “average rate” of SO per 
hour for the operations estimated by the job shops cooper 
ating in our study seems to reflect fairly accurately the 
costs of operators and machines of the types discussed 
here. The same rate was also used for skilled operations 
not directly involving machines (designing, caleulating and 
Inspecting). 

In a similar fashion, for numerical-control techniques, 
we have used a flat figure of SS per hour to cover labor and 
related costs, and a separate charge of, S) per hour for 
numerical-controlequipment amortization and related op 
erating costs. We did not try to reflect more precise 
figures, because further refinements ino pricing would 
represent purely illusory precision. We felt, for instance. 
that an early adopter of numerical-control techniques 
might find it necessary to assign more skilled operating 
labor than Laboratory experience has shown to be neces 
sary. Ultimately it would probably be possible to reduce 
skills assigned, but neither we, nor labor economists we 
consulted, are prepared to guess how long this might take 

Also, as we have noted, there are large geographical 
variations mm labor rates and practices which are best 
handled for our purpose by averaging methods 


Analysis of the Cost Comparisons 


In analyzing the data collected, it must be remembered 
that there is no single suitable definition of business cost, 
but that cost classifications must be tailored to analytical 
purposes. With this principle in mind, we propose to 
examine our cost studies in more detail. 

an wteresting experiment in collecting comparative ests 
mates from metal working shops, see tutematic Machining, June 


157, pp 
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First, it will be noted that the usual theoretical economic 
cost curve assumes the existence of an optimum process. 
Thus, for any selected output of a given product, a combi- 
nation of iripputs which wall display the least cost is chosen 
(“production funetion’’). The Process and material 
Inputs used will be economically equal to or superior to all 
possible alternatives. That combination will be chosen 
Which is most efficient at the desired output, taking ac- 
count of both ‘physteal input-output coefherents and 
expected price relationships 

Ih practice, however. theese hots will only 
approximated at best. And, more inportant for this 
study, the most effiaent combination ean ustially 
achieved only over a long time by accumulating expert 
mental knowledge of technical alternatives, substitution 
relationships, and priee behavior Obviously, numerical: 
control are too new to allow us te anticipate iat 
optimal, technical balance among the numerous and 
complex variables associated with even relatively simple 
jobs Qn the other hand, the conventional techniques (oni 
Which our estimates are based are the result of long periods 
of trial and error, and cumulative development. Despite 
this long development period, lew firms can be expected 
be familar with all relevant alternative methods for 
producing a particular work prece that they have not 
produced 

Sinularly, many Variables associated with conventional 
jol-shop production methods ean be priced im terns of 
well-established and fairly well-defined markets, although 
there is ample evidence that price estimates tend to be 
made in a somewhat perfunctory manner The corre 
~ponding variables for a numereal-econtrol produc 
tion svstem, on the other hand, include a substantial 
number of elements for which ne market prices have been 
established. ts not possible lo secure estitiates 
of future supply of and demand tor such technical person 
nel as programmers or methods planners, or for the equip 
tment and operating condition. Our cost-value 
fidings are, at best, only indieative of the rigorously 
defined cost funetions found in eeonomie theory 

\ second deviation from the economist 's “prodtuet tor 
funetion’ is our assumption that, for a given production 
total costs are direetly proportional to the 
volume produced. Consequently, we have assumed that 
all cost estimates can be adequately yraphed in relation te 
volume by meuns of straight lines 

The characteristics of mumeneal controlled machine 
tools are in facet likely to result linear cost-volume 
relationship. The probable linearnty results from the faet 
that every preee ina given production lot is produced by 
rerunning one or more tapes. Namerical-control production 
techniques may allow some process modification as a 
funetion of volume largely by means of fixture design 
and materials but little eX perience is aVatlable 
on this point. Actual machining times would presumably 
not be substantially different over any relevant volume 
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range, because essentially the same methods would be 
employed, 

Hlowever, by virtue of the flexilnhity of current produc 
tion methads, conventional shop practices are more hkely 
to display curvilinear cost funetions. [t ts ordinanly both 
feasible and desirable to change production methods, and 
often materials and the product itself, response te 
variations in the desired volume of output. The data that 
we collected from shops reflect) substantial 
changes production methods on several jobs as 
size” was inereased. We show these types of estimates as 
separate cost funetions because of the substantial dittes 
ences in fixed and variable cost elements ordimanly om 
volved. 

It is Necessary any empirical mvestigation to 
confidence limits to the relationships developed. While we 
are not in a position to do this im a rigorous statistical 
fashion, we eun at least note that on this eount, data ob 
tained from the Servomechanisims Laboraters 
what closer to the theoretical model than are cost fyures 
developed from cooperating company estimates beentise 
the Laboratory actually made the preees and kept reason 
ably detailed and systematic records of man and machine 
times. Cost estimates, on the other hand, mevitably eon 
tain some uncertamty. eases the estimator were 
to some extent fanular with a wide range of alternative 
methods, although some alternatives were mot real, be 
shops tended to evaluate differently the eflreney of a 
given method Metal-working theory is bey 
substantial gaps and many areas of controversy 

In other words, the Laboratory's costs were based on 
actual with Wherens only twe 
firm that had actually produced a piece selected Lor study 
burther, we found te that any substantial 
attempt to record and evaluate the accuracy of therm past 
estimates, We coneluded that tt was best ti) present all 
estimates, with as much detail the 
under which they were gathered, order to 


permit readers to try to evaluate ther probable aecuraes 


Servomechanisms Laboratory Data 


Data on Laboratory operations were yiathered 
prepared alter the job bey the charge 
and, second, the lag sheets bey the 
Inachine operator, 

These data were compiled by individuals working tan 
educational and serentitie at They were spot 
checked and appeared to represent accurately the actual 
total time spent on each job, meluding the normal non 
productive time of each tdividual. [no tiost of the ten 
jobs studied here, the actual tine recorded was comeides 
ably in exeess of that estimated for the job) before it was 
updertaken. These figures, therefore, actually ielude all 
hidden costs often overlooked in preparing job: estimates, 
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The expenence records, while reasonably accurate, 
reflect to an entirely unknown extent many factors severely 
disturbing to the objectives of this study. For example, 
during touch of the penod covered by these data, the 
enginecnng group Was expanding. In-order to familiarize 
new personnel with the system, each engineer's first assign 
ment Was the programming of a workpiece, No quantita 
tive data were avatlable to madicate the effect of this poltey 
on the indicated costs. Agam, no attempt was made to 
Instilate the operating personnel from a continuous stream 
of visitors or to prevent a special demonstration from 
disrupting the production operation whenever the occasion 
appeared to warrant. Thus, while it is obvious that the 
browder, educational objectives of the Laboratory often 
took precedence over the specific objective of obtaming 
Meent production for comparative cost) purposes, no 
allowanee has been made, since the effeet cannot be 
measured 

A paramount problem arose trom the fact that many 
pieces qachmed by the Laboratory were substantially 
more intricate than the average work done by mulling 

hurthermore, the vanety of jobs machined was so great 
and the runs so short that insufficient experence was 
obtamed with a particular type of work to gain appreciably 
from such experience. Many jobs were unique, so that the 
skill developed by the Laboratory staff was not directly 
transferable to other job 

Some Laboratory jobs consisted of enough similar parts 
(lor example, a set of templates each Varying slightly from 
the other) to constitute a family that enabled personnel 
to make good use of its skills on successive parts, but too 
much of the planning and programming work was at the 
eA perience, high cost end of the learning curve, Con 
tinted operation would probably have enabled the Labora 
tory to draw upon its body of planning and programming 
experrence tino much the same way that any organization 
as a technique becomes well established. A company 
utilizing techniques would probably 
need te develop polieies concerning bY pes af work to be 
done m order to develop skills in cortiin 

The Laboratory is part of a non-profit organization, and 
Hts motives and the motivations of its staff do not always 
lend to lowest costs for either its operations, in general, or 
Process hy numerical control, in particular 
heffective research is considered far more important than 
production 

The Laboratory has a limited machine shop so that, mn 
some eases, it used its mulling machine to perform opera- 
tions that might have been done better on other myuip 
ment. Sinularly, jigs and fixtures were often manufactured 
on second-best machines and at higher costs than for a 


well equipped shop. 


Outside-Shop Data 


In some job studies, nt was difficult to obtain strict 
comparability between operations estimated by cooper- 
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ating companies and those performed by Servomechanists 
Laboratory. Ideally, identical results in machined piece= 
would serve much better than similar operations in 
machining for developing economically comparable data. 
Regrettably, there were several causes of non-compa- 
rability. First, cooperating companies often started with 
earlier operations (or continued with later operations) 
than those covered by Servomechanisms Laboratory data, 
hecause the Laboratory was primarily interested in the 
numerical-control phase and tended to de-emphasize 
some of the initial and subsequent operations or had them 
performed elsewhere. Second, materials actually available 
ty the Laboratory and assumed to be available to coop- 
erating companies were different in) some cases (lor 
example, the supersonic nozzle was cast in two halves for 
the Laboratory to mill, but Company H assumed that it 
Wis Cust in one piece for turning on a lathe), so that 
substantial differences in required operations arose (in 
this case, the Laboratory’s production method required 
brazing the two halves together). Third, in some cases 
the Laboratory did not inspect and gage its work as care- 
fully as some cooperating companies planned to do, but 
left these tasks to the person or company for whom the 
demonstration piece was cut. However, in other cases, the 
Laboratory gaged some pieces (notably templates) more 
eorefully than was physically or economically possible by 
conventional techniques. Fourth, the surface finish pro- 
duced by servo-actuated cutting tools differs in appear 
ance from that obtamed by other methods, and it) was 
not possible to place an economic value on this difference. 

Another source of uncertainty in our data obtained 
from conventional machine shops was our inability to 
convey to them the precise nature of the information we 
wanted for comparison with data generated in the Labora- 
tory. There were numerous reasons for this— some tnstitu- 
tional, some communicational, 

Conventional machine shops are accustomed to ob- 
tuning specifications in ways that are rather narrowly 
defined for any particular type of job. Specifications 
expressed in other forms may result in substantial addi- 
tional effort to convert from the unfamiliar to the familiar 
form or, in some cases, complete refusal to deal with un- 
fanuhar specifications. 

Qur experience indicated that the size of a machine 
shop had some bearing on the care used in estimating. 
Larger shops tended to make more elaborate analyses of 
materials, tolerances, and specifications for a job than did 
small shops. This additional care apparently resulted 
because larger shops had an estimating department with 
specialized and expenenced personnel, well established 
routines, and formalized reporting procedures. Small 
shops, on the other hand, were likely to have only one 
estimator who might spend much of his time at other 
assignments, have informal routines, and furnish reports 
ina poorly organized manner. 

Although our information was not sufficient to document 
the pomt, we have the feeling that, for identical jobs, 
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large herp quoted substantially higher man-and-machine 
cost estimates to us than did small shops. There is an 
industry-wide behef, which we were not in a position to 
check, willing to quote a low 
price te obtam an order with the expectation that the 
price can be renegotiated upward. 

Larger shops with more facilities should, if specializa 
tion counts flor anvelinig, be able to do work at less cost 
than stall shops. The estimates that we obtained do not, 
however, bear this out The man-machine cost estimates 
larger hopes having special-purpose tools scored 
to be higher than the small shops with few machines and 
almost no special purpose tools, 

There were indications that large companies have a 
downward bias in any informal estimates furnished by 
Hhanagement that is proportional to the number of muina- 
verial lavers between the person closely associated with 
the (miachine operator, process engineer, or 
estimator) and the person reporting (president, vice 
president, or superintendent). Apparently, the farther a 
person ts tusk, the less likely he Is to remember 
the difficulties, mistakes, and other factors contributing te 
high Costs 

To a tar greater extent than we would have judged 
possible before undertaking our field work, it appeared 
feasible tor high-cost producers to earn a profit over a 
considerable period of time in the job-lot metal-working 
This situation reflected part the relative 
portance ol such non-monetized variables as 
bnhitv of comphance with delivery, technical competence, 
reputation among buyers. It also reflected 
hnowledge and faulty communications in what ts, after 
all, an enormously complex “market” that is highly 
~gimentized with respeet to experience, reputation, geog 
raphy, adequacy of available equipment, and rates of 
technologient! mdvanece, 

burther, the firms in this manufacturing area, and even 
more the machine-tool producers among them, have 
continually faced heavy evelieal swings in their volume 
that are far more pronounced than those affeeting business 
at large asa result of the accelerator effect. A slight mnerense 
in the demand for consumer products is capable of pro 
ducing a large increase, percentage-wise, in the demand 
lor subcontractors’ services, and an even larger rise on 
demand tor tiachine tools and other baste capacity factors 
\ slight drop in the rate of merease of consumer purchases, 
conversely, can produce a large reduction in baste market 

Loder these conditions, even a highly meflierent operator 
ean get profitable business on a sellers’ market where the 
loweost firms are operating at full capacity with substan 
backlogs of orders. The gist of these observations ts 
that, ina market of this kind, there ts an excellent chance 
that one firm or more, in each geographical area providing 
4 stibstantial volume of metal working contract work, 
could operate profitably utilizing the Laboratory's numer 
teally controlled mulling machine as it stood in with 
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out any technical alterations, but with, probably, some 
in the make-ready costs of programmung, 
tape preparation, and fixture design and construction 
The kev to such profitable operation, however, would not 
le costs prices lower than those currently 
because there are no such “prevailing” prices om this 
market. Profitable operation would turn largely on the 
firm's ability to find an adequate volume of work af 
prices exceeding full costs during periods of relatively 

(jiven successful solutions to the whieh ae 
counted for high Servomechanimms Laboratory eosts, 
plus the availability of relatively standardized commer 
cial models of numerically controlled tools, a much stronger 
conelusion eould be supported. 


Future Developments 


The numerical control cost studies show a consistent 
pattern of high make-ready costs and normal to low 
production costs. Make-ready costs 


Fixture design and production, higher om the 

Programming 

‘Tape preparation 


We can safely neglect fixture costs, since fixtures are no 
more intricate, and may be less mtricate, when mnumenecal 
control ps used. Tf outside shops are able to design and 
boiled fixtures more economically than the Laboratory 
now, their ceonomies will apply direetly to mumereally 
controlled tools when used by mdustry, 

The other costs, however, deserve some attention. The 
parts used in this study were programmed by hand with 
the exeeption of the supersome nozzle, which was done 
by hand and by high-speed computer, and the wheel-shde 
cam, for which the data were ealeulated by computer and 
the tape was punched by hand. [tis possible to automatize 
portions of these operations by using autoniutic computers, 
and by medifieations im the design of the 

birst, approximately half of the tape-preparation tine 
can be eliminated by using a more eflierent tape code than 
that used by the MOET. Air Foree mulling machine. “This 
saving bas already been detnonmstrated im prototype 
direetor-system developed under private sponsorship at 
the Laboratory and now in commercial operation 

Second, automatic digital computers can perform the 
computations necessary to obtam the toolcenter loes 
When used for this step, they can puneh the machine 
control tape directly. 

Some significant work to reduce data preparation costs, 
done at the Laboratory parallel to and following ous 
initial study, dealt with the problems of programming 
and tape preparation 

The use of digital computers at MOLT. and elsewhere 
for preparing control data for the mulling machine was 
studied and reported by Runyon (1). Program subroutines 
for essentially nitomatic computation ol control data for 
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eutting circles, cams, a plane spiral, a template, a surface 
at revolution, and cones were developed for Whirlwind I 
(a large scale clectrome digital built at MIL-T.). 

Runvon found the break-even point in automatic com, 
pared to manual data preparation depended on the particu- 
lar job, method of presenting its dimensions, and avail 
abnhity of computer routines and sub-routines, Automatic 
data preparation, measured in terms of number of tool 
center pots computed, Was considered more economical 


under the following conditions: 


| More than ten of «a routine for a similar job) were 
ivailable 
More than 100 point. if anew routine was required assuming 
sub routines avatlable for and convenient preset 
of 
More than tooo poimt= for anything composite curves 


and surlaces involving wholly new 


Runyon also surveyed the ability of commercial com 
puting servicers for preparing machine control tapes for 
the supersome nozzle (see Figure 2) and air foil templates 
Prees quoted by four services for data preparation for 
the nozzle ranged from S100 to $2,200] After completing 
the work mvolved, for the nozzle, three of the four com 
puting services quoted prices ranging trom SOOO to 87,725 
lor airfoil templates, Runyon'’s procedure for obtamig 
data differed trom ours for he actually tested price quota 
lions by having computing services prepare machine 
control tapes. Numerous difficulties that arose in making 
“tistaetory tapes reflected complexities of the parts, 
methods for speatying dimensions, and the Laboratory's 
unique representation of mumbers Cnicknamed “Chinese 
Qetal’ in the Laboratory) on punched paper tape to 
control the mulling machine. 

Runvon's suggestions (Chapter for extending his 
study touched on metal cutting geometry; numerical 
subroutine hhraries; nna suitabulity, appleation 
nnd economies of general purpose computers for preparing 
control data for machine tools 

Siegel continued to work on the problem of more effec 
hive utilization of digital computers to reduce tape prepara 
thon costs (2). Siegel developed processing routine to 
transtorm the Whirlwind computer (but adaptable to 
other lange scale digital computers) into a special machine 
with designed specifically for machine 
tool programming. Phe imput language to desernbe machine 
mstructions, based on ordinary and mathematica! 
notations, is far simpler than the intricate mst ructions 
associated with digital computers. The output is punched 
paper tape sulable for use in the mulling machine. Logical 
and numencal procedures involved in the program to 
convert input information take place automatically seo 
that little or ne tramong on digital computation os required 
for use of Sregel’s system 

Limited use of the expermental version of the processing 
program: developed by Siegel mdieated that people skilled 
nm numencal control could easily learn the mput language 
and its connections less than an hour, Correct 
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tapes have been produced on the first try despite complex 
ities of the parts. Programming time for one piece was 
reduced from eight hours by manual methods to less than 
fifteen minutes for the processing routine. Computer 
time Was less than a minute, exclusive of initial read-in 
of the processing program. There are indications that 
Runyvon'’s and especially, Siegel’s techniques for computer 
processing specifications of parts to prepare control data 
tapes will be adopted by industry. 

In summary, it appears that the immediate future will 
bring substantial reduction in those areas that this study 
showed were the most costly. In addition, those types of 
cost-reduction that are better handled in industry are now 
presumably being effected, since numerical control tech- 
niques are now in limited but promising production use. 


Renvosn, J. Data Preparation for Numerically 
Controlled Machine Tools, Lagineering Report No 1d, 
Servomechanisms Laboratory, January 25, 1956. S01 p. See 
expecially chapters V, “Appreciating Digital Computers at 
Mf. T. to Control Data Preparation’, p. 237 65, VI. 
“Study of Computing Facilities Outside p. 267 41 
and “hatension of the Present Study’, p. 208 314 

2) Information Processing Routine for Name: 
veal Control, Lagineering Report No. 1S, Servomechanisme- 
Laboratory, Mareh 1, 1956, 31 p 


Successful ideas for 
increasing plant out put 
with AUTOMATION 
fully outlined in this book 


Just Published 
PRACTICAL AUTOMATION 


Methods for Increasing Plant Productivity 


ity RR. Battel, Mo Melden, and ROS. Rice 
budlitors has 


376'pp., 8: 11 iwetrated $7.50 


This book clearly explains and illustrates fundamental methods 
and thinking essential to planning and setting up for eflective 
automation. It shows how to solve probleties likely to be met in 
installing automation how to combine machines and equipment 
already on the shop where to look for possitalities of applying 
feedback control how to solve new mamtenance problems and 
personnel problems associated with automation. In shert. it guide. 
vou every practical aspect of automation. Every major ares 
of plant operation whieh is affected ineluding production, maim 
tenance, cost control, methods, and mventors 


covered really practient 


Order from: 
The Journal of Industrial Engineering 


A. French Building, 225 North Ave. N. W. Atlanta 13, Georgia 
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Industrial Engineering’s Role in 


America’s Future’ 


By ©. Lloyd Thorpe 


mploger lhe lopme nf Vanage Athinaon (om par i, San Pranciace, California 


The vears imnmiediately ahead are crucial, and there is 
no mistake about it. To gain prospective for this diseus- 
ston, let us review the highlights of some of the major 
econonue and social factors that will determine the warp 
and wool of Amenea’s cultural fabrie-to-be, particularly 
these that will significantly influence the environment 
Wherem Industmal lengimeering will be required to make 
its unique contribution. As TL see it, at least six of these 
should be underscored (there are others, of course). Here 
they are 

| ‘The ominous elowds that are hanging over our civilization 


Society s evolving domimant role in the power structure 


The emplovees’ changing status and needs 


te 


Secret) rnereasing demands upon business and its manage 

5 The vulneratality of industry and its leadership 

The relatively recent emergence of management a= a pro 


beets 


\ll of these, [T submit, though emanating from widely 
different sources, will soon svothesize in a way that will 
focus on tdustrial and business management and will test 
them to the further submit that the fate of western 
evilization as we know it may well be nding on the way 
the tanager operates as the impacts of these pressures 
converge. And finally, submot, the Industrial Engineering 
lunetion can bea strong right arm for management in those 
critical trmes and might mmdeed “make the difference”, 
beat this will be the case only if the Industrial Engineer has 
baolt bus personal foundations solidly as a necessary base 
for a sound professional super-structure, 

Let us discuss each one of these six pomts briefly a» 
background to develop this premise: 


Ominous Clouds 

There are indeed ominous clouds hanging over our 
ewvilization. [tos far more than just an academic matter 
Serious students of the world seene are distinetly disturbed 
over the trends that are developing. For example, Albert 
Schweitzer, properly designated “this century's greatest 


citizen”, has this to say 
We are living today uoder the -gn of the collapse of civiliza 


* Based upon a presentation to the Porthind Chapter of ALTE 


it therr eharter night meeting on Mav 24, 1057 
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then _ What yet remains of it is no longer safe (ti,p ft 2) 
The history of our time ix charactenzed by a lack of reason which 
has noe parallel in the past There is today only one explana 
thon, viz., that we sought to live and te carry on a envilization 


Which has ne ethical behind it po 47 


Or listen to Elton Trueblood, one of our top yricle 
cial philosophers: 


The sober truth that, we do not belheve we are 
engaged in a race with catastrophe We are not aware of the dan 
gers we face, and consequently we are doing relatively little to 
meet them. If we could put the same keen intelligence and careful 
judgment into the revival of faith and the discovery of the proper 
objects of faith that we now put tote the production of magmiheent 
machines, man’s life on this earth might come into a new ane 
glornous day. We fail to do this beeause we do not read the signe 
of the times or laten to our prophets (12, po 19) 


Pope Pius XID in his 1957 aster message said the fol 


low ing 


haluts in every form have reached such degrees of preeo 
city, amd universality as to arotse serious meg vings 
in these whe have at heart the destimes of the world 

The human race seems like a the 
lates with great diffieulty, sinee individuals, classes and peoples 
persist in remaining divided and subsequently witheut 


When they do not ignore each other they hate each other, plot 


against, stroggle with and destroy each other 


Let us conclude this all-too-brief treatment wherem we 
have omitted any reference to communism simply because 
itis viewed here as more effeet than eause by this state 


ment by Trueblood : 


When we say that the moet urgent problem of our tome om the 
spinitual problem we are opposing directly the popular 


Most people the beleve it (2, ivi 


Society's Role 


In the western world, perhaps the most significant oe 
currence in the last two centuries has been the emergence 
of the so-called “common man” as a dominant foree 
While we sometimes tend to overlook this meaningful fact, 
comparison of the past with the present makes it quite 
clear. 

The beginning of the industrial revolution oecurred im 
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the latter part of the [Sth century. At that tine feudalism 


wae the dominant socal organization and a master 
relationship existed People, stich, little 
power and bad relatively little social worth exeept as they 
fulfilled the somewhat meignifieant roles that destiny had 
thus far assigned them. While some social philosophers 
and many religions had called out for reforms, these were 
heard as vores erying in the wilderness. Such things as 
declarations of independence and of the nghts of man, of 
of myghts, and the like were bemg discussed but had 
not reached the hour of decision, Infact, almost a hundred 
years would have to pass before Ameren would rid itself 
slavery 

Contrasting that situation with the present, so far a- 
the soem! evolution of people as persons im concerned, we 
ean readily recognize that startling progress has been 


binployvee Status 


Another evolution that probably isa corollary of the 
previetis port concerns the status of the employee as such 
Again to the industrial revolution, we have mids 
cated that people weren't worth much at that tine. I 
should stress that this was a fact due to the culture of the 
tone aed Was not due to anything mberent the midustrial 
-yetem. At the start of the development of the factory 
-yVetem, people as employees assumed the only role their 
society could adjust to; that is, they were ina quasi-feudal 
mn such that the factory owner was sintlar to the feudal 
lord amd the workers were like serts. OF course this has long 
mee disappeared, but the sears of the old) wounds 
feted the earher conflet perods are still close 
to the surface to entse When the 

This evolution has resulted in the emergence of people 
from bemg just unidentified masses to bemg dignified a- 
The upward climb has given us a new social 
base witha consequent realygnment of forces so that we now 
contemplate the middle class whatever thatis as bemg 
composed, in part, of mdustrial employees. These em 
ployees are now vastly better educated and informed; they 
have achieved a measure of unparalleled economic secur 
ity, of maturity and of sophistication. And, in the western 
culture at least, they are undergirded by a politieal freedom 
that, in the final analysis, makes them oon tact ultimate 
controllers of the situation. [In this great emancipation of 
the “common man’, it ots not concenvable that he wall 
tolernte the social irresponsibility of industrial organiza 
tions that cannot or will not face the tacts of life concerning 
the changing status of the midividual who happens to be 
an employee 

Peter Drucker puts it this way 


Vian most have «tatus and funmetion on his in order te 
the prope. own cobespon and survival 
the sftuttin witht if the 


group ois tere herd, never a only a society that 
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gives status and funetion to its members can expect ther alle 
yianee. Status and funetion of the mdividual members are the 
requirements of individual and social life. They are verified by 


hustornenl expenence 152 


And OF: A. Ohmann of Standard Oil Company of Ohio 
this 


four gouls in business have been too materialistic. For most 
procpele the job is the center of life and should be the source of 
many of its greatest satisfactions We are learning (only gradually) 
that hugh pay, shorter hours, and greater fringe benetit= are not 
the answer. There is a for ~omething worth living for, a 
~eurceh for and socal amd a desire for self 
expressive service, These goals will not be satisfied by move 
bathtubs, deep freezes, TV. sets, or automobiles (7) 


Increasing Demands 


That an increasingly enlightened society is placing in- 
creasing responsibility on midustry is apparent. The whole 
held of publie relations is one evidence of management's 
awareness of “the publie’s” new status. The plight of 
chenmuenal plants and stream pollution, of smog and con 
tomplated legislation regarding it are pertinent examples 
of this. 

But the problem is far deeper than that and a public 
relations department cannot cope successfully with the 
more profound tnpleations of it An observer of the cur 
rent seene who tor any 


has stated recently: 


never lesires afrongly anything except that “ he bee 
heves to be momedately avatlable, either to him or to his direet 
descemlants Thatisx why, parallel to the acceleration of technical 
progress, an immense desire for greater material well bemg has 
vielently got hold of the whole of humanity of those whe truly 
were suflenow from hunger cold, the stekhesses of malnutrition 
ol as well as of those whe alrendys 
mum necessary to ther physical and intellectual flowermg. All 
these people began to desire avidly the superfluous whieb, 


tomorrow, will be within their grasp 


This may be quite obvious but the mupleations of it 
might not be as clear, Let us pause a moment and consider 
has bolt up this great desire for things and if it 
denied them by (as it may assume) industrial management 
amd its stall who can’t produce in terms of this demand, 
What then? Peter Drucker provides an answer and it 


isn ft reassuring: 

has always refused toe allow such 
pertnanent concentrations | power, af lemst on private hands» 
amd certamly for However without tho» 
concentration of power whieh the modern enterprise, an tidus 
trial society cannot esist. Hence socety has been forced 
to grant te the enterprise Whatat bas always been moet reluctant 
tee grant 

This, however, the and its 
which mot only goes far beyond any traditional 
of private os altogether different. 
can no longer be based on the that the interest of 
the owner of will lead to the or that 
interest and can be ‘apeart amd considered to have 
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nothing toda witheach other. the eountrary, if of the 
that he assume for the public that 
he subordinate his actions to an ethieal standard of comduet, and 
that he restrain his self-interest and his authonty wherever their 
exeremse would prom the commonweal and the 


freedom of the imdividual (4. p 3 


This is abeolute and cannot be No 
nanagement can be releved of at Managements are in the habut 
of saving that they have a résponmsilulity to the shareholder for 
profits. But the shareholder, at least ina publely owned company, 
econ alwaves sell his <toek. Soerety, however, ix stuck with the 
enterprise It tes take the of the enterprise cloves trot produce 
vlequate profits, has to take the mnpovernshment if the enterprise 
‘hes not succeed in tnmovation and growth 

bor the <ame reason hus respotstbality 
to make sure of tommorrow's management without which the 
resources would be musmanaged, would lose their wealth pre 


ducing and would finally be destroyed (4, po 


Vulnerability of Industry 


Well, what about the futures What are the probleme 
that make oedustrial management vulnerable? our 
limited of time here let us comsider just this 
willbe very real Dt has been estimated that within the next 


AP veurs the following events will oecur Ameren 


| Total penny will soerense at two fifths (2 


yy 
working strom less than one there 
Is] 


| Therefore. substantially greater productivity will ! 


quired) just te heep even, anything less eould result) on 


penny 

these statistics tt seeme that the erttreal searests 

> Not only that the al thee 
standard of living as demanded by soerety, 
willbexert a substantial pressure on tanage 
tes produce thie thangs will want te ane 
will be able to buy. The bites accepted remarkable 
produetion records as par for the course Tndustry wall be 
required toe through’ again and again ane thang 
less than <tiecess wall be Hnacceptable a sober 
theught os that a lot of persons «a mayornty of them, tat 
not all, are behind the Tron Curtain are betting it ean't 
clone 

Coneurrenthly, emplovees will be demanding more leimure 
w bane ys ten shorter ane t hie of thew 
organized strength, coupled with them relative 
rity in econonmues, will eontobute to the heavy toflatronars 
pressure that will be present in amounts 
least, the pressure will be inflationary unless we attam a 
preduetivily improvement at a rate net previatisly reached 


But employees will not be content solely with econom 
gain. The evolution of our soemal order to date gives us 
every indication that the employee will exert pressure to 
obtam the “good life’ within the work situation as well a- 
outside it. As has been stated before, as a general rule 


people do not aggressively seek the unobtamable; how 
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ever, there is the bloody evidence of history to support the 
point that the reverse is also true, 


Management as a Profession 


This leads to the final point of the six which considers 
the facet that management has emerged so recently as a 
profession. The so-called “father of scientific manage 
ment’, Frederick W. Taylor, did not begin his proneering 
work in this field until the ISSO's and any kind of general 
acceptlance of management as a profession dul not oeeur 
until well after the turn of this century. 

Management has thus been required to evolve during 
the last fifty vears, while the stability of this period has 
been upset by two world wars, a depression in the 20's, a 
worse one in the 30's, a Korean and a continuing cold war. 
During this same period of time we have witnessed the 
transfer of the administration of business from the owners 
to the professional managers, and ownership ttsell: has be 
come widely dispersed with the rise of the corporntiotns 
and the distribution of stock shares 

Qhut of this has come a management that im rapidly 
Such words TU relations or 
significant ones such as moruls, ethies, and the are 
vetting inte the vocabulary and practice of respemstble 
business men and women on an merensing They are 
as tools to be used rather than platitudes to be uttered 

Things are ineleed on the moves Phat this be denen 
strated by the hard tact of paveoll, teed thei only 
altruistic but also realistic, well by this state 
ment of Ralph Cordiner, President of 
(Company 

If we were forced te rely entirely on conmventrotal hel 
of increasing productivity. weould be te regard thie gow! 
of increasing General bleetrie produetivity by per cent in 
thon tem veur=) a= theoking Char laleoratern steel 
factories will continue te fied wave te prodiee tere and better 
with lower expenditure of time, effort and cost) Hat we 
cobnet expeet the physteal serence to carry the whole load 

There has been «a growing realizatoon in todustry that 
great untapped opportunities lhe ways to tere 


fully our resourees Teehnologreal advances amd the im 


creasing complexities of managing under today’s and tomorrow’ 


ete Theme whe have been closest te thie treld beleve 
that an opportunity Creneral bleetrie to 
tivity percent in the next ten years through better management 


(‘ordiner ts the that a- teat 
tures, it finds more advantageous ways of dealing with 
people so that group effort wall be more effeetive. The im 
pol that these future Hnprovements will cote ae 
learns to translate the uspiratiotie of 


Into motivations for creative Purposes 


Role of the Industrial Engineer 


The question is, what position will Industrial bngineer 
ing assume during this transition? Will it be on manage 
ment’s first team or in some subordinate role? 


} 
| 


It is dnportant that we reflect on this. For this is a defi- 
nite trend away from the primacy of task-centeredness, 
fran emphasis on things, that has been the hard core of 
lndustrial bagineering’s stock-in trade. In short, this re 
quires not only a re-examination of the Industrial kings 
neering basic definition, but also of the role its profession 
should take. 

Let us therefore turn to the definition of Industrial 
engineering that was developed by the Long Range Plan 
ning Conmutittee of ATT in 1955 


i concerned with the design, unprove 
ment. and installation of integrated «y«tem=< of men, material~, 
and equaupment It draws upon specialized knowledge and «kill in 
mathematical and social seences together with the 
poneiples awd methods of engimmeernng analveix and design to 
speaty, predict, and evaluate the result to be obtamed from such 
(14, OS, 


The key words here, in the emphasis Tam placing, are 
draws on specialized knowledge and shall in. social sei 
ences. The words social scrences deserve considerably more 
attention than we Tndustrial have given them 


thes far ' 
So much for definition, Now with regard to profession 


alismn, Donald Wo David says thie 


Mere technical the affairs of and on 
not enough to qualify a businessman for either 
success of leadership Noo man can be really competent in the 
ration of a oon doing hus jrart in the 
and services without giving thought to the efleet tpon 
his own business not oonly of the rules and regulations tmnposed 


On the specie subyect of the personal responsibility for 
professionalism by the mdividual Todustrial 
Salveson has made this valuable contribution: 


the Industral now mist give bis a “new 
hefine hus obyeetives in the light of his enlarging job. and 
prepare te meet the comng challenges) bor, surely as a man 
measured by the problems with which he is confronted, so also 
will our profession be measured Whether that measure be reduced 
fo time study and quality control or expanded truly to Dndustrial 


Our hands, he says, not management's, not anvbody else's, 
our hands 

The Long Range Planning Committee of ATTE also 
instead an pronouncement at the Cornell Syn 
posium concerning the profession of Tndustrial 


from Which quote 


Motivation is the of attitude Seeking to render 
service as the prime motivation is the overriding obpective of any 
professronal endeavor This need not exclude other motivation 
such as economme ones Yet one of the hallmark« of professional 
attitude is recognition of the service motive as the supreme target 
\ profession cemnaned recoguition by the puble It 
earn thu» lihe bey just bey words. Thus 
aetion, net merely creeds. i required before democratic society 
m willing to bestow the distinetion of professtonal character 
anv activity tn that endeavor, the progressive of the 
lncdustrial the hev ingrecdhent for ultimate and lasting 


(0:3, }? 
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What is our philosophy oor, what is my philosophy i 
a question over which we well might ponder 

As a sort of footnote to this excellent summarization, 
the dynamic aspect of professionalism is stressed by James 
L.. Sehuler of the Bureau of Ships when he says: 


As professonal men we should strive to keep our profession 
moving We should neither deride nor fear new names, new lan 
guages or new ideas, If we must deride, then deride <tagnation 


So as we move forward, it seems that we must also move 
upward. It is inescapable that the professional plateau wall 
have to be much higher in the future, To meet successfully 
the challenge of the years immediately ahead, we must 
establish better eritena for the profession of Industrial 
engineering. This will require concepts that are much 
broader, much deeper. These are new dimensions fitting 
inte complex social equations of a higher order 

If we should be able to do this, Industrial Engineering 
will find itself flowering into the full professional maturity 
that can be its destiny. however, Industrial Engineer- 
settle for something less than their best, it is quite concery 
able that, as Dr. Salveson has warned, they will find 
themselves pre-occupied with techniques for productivity 
maprovement within the framework that is commonly 
referred to as “task management”. Task management con 
cerns itself promantly with things; and, although they are 
important things such as output, cost, schedules, and 
margins, the danger is that Industral kagineering, as it 
weks to implement industrial management, will likewise 
give its primary attention to things 
they are, these approaches will not lead us away from the 
distressing climate nor will they alleviate the catises of 
the climate out of which have formed the ominous cloud 
alluded to by Sehweitzer and Trueblood., 

What | have been talking about is the need of all of u- 
Who presume to guide and direct the actions of others, 
Whether in line or staff, to achieve for ourselves an ade 
quate philosophy for personal living that can give us 
stability, inner poise, intuitive common sense, empathy, 
maturity. Also an overall broad view (Weltansehauung 
for, as Clarence Randall (former Chairman of the Bourd 
of Inland Steel) has said, “This has been the am of 
the philosopher through the ages: the openmg of men’s 
minds to the relationship of the part to the whole OS).” 
We industrial beoagineers must deal with the whole of this 
complex reality that is our life's work and not let ourselves 
yet lost in the maze of interacting parts 

Mir. Randall made a further observation that © the 
art of management, even m an wudustry that rests for its 
success on the achievements of the screntist and the eng 


neer, requires a broadly cultivated mind O8).” 


Cultivated Mind 


What is a cultivated mind? About a hundred years ago, 
Cardinal Newman spelled this out in the following state 


ment regarding liberal education 


(Tt) the education which gives a man a clear, conserous 


view of his own opinion and judgments, a teath on developing 
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them. an eloquence in expressing them, and a foree im urging 
them. it teaches him to see things as they are, te go mght to the 
pommt, to cientangle «a skem of thought, te deteet what 
treal, and to dixeard what im irrelevant. It prepares ter fill 
any post with credit, and to master any subjeet with facihity. I 
shows bim how to scceomodate himself to others, how to throw 
himself into their state of mind, how to bring before them he- 
wont, how to influence them. how to bear with them Ile is at 
home any socety, he has common ground with every class; bie: 
knows when to and when to be <tlent he is able te converse, 
he is able to listen, he can ask «a question pertinently, and gam a 
lesson seosonably, when he has nothing to mmpart himeelf; he 
ever ready. vet neverin the way, hei pleasant companion ane 
comrade vou can lepend upon: he knows when to be serious and 
when to trifle, and he hae a sure taet which enables him to trifle 
with gracefulnes= and to be serrous with effeet. He has the re 
of a whieh lives ta iteelf, while it lives in the world, and which 
has resources forits happiness at home when it cannot go abroad 
He has a gift whieh serves him in publie, and supports him on 
retirement, without whieh good fortune is but vulgar, and with 
whieh and oles have «a charm The art whieh 
temd< to make a man sll thas the ot as tine 
fulasx the art of wealth or the art of health, though it i lew stiseep 
tible of methed, and tangible. les complete it 


This ts an excellent overall summary that ean be a hall 
for personal growth and professional maturity for 
licdustrial who wish to make a really significant 
contribution im the vears ahead to the future of Ameren 
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Methods Engineering and Automation 


By Robert S. Rice 


Associate Editor, Factory Management and Maintenances 


The trend toward greater mechanization of operation- 
industries is accelerating. Capital invest 
ment and employee productivity data tend to prove thir 
statement. Also, observation of the industrial scene makes 


the truth of this conclusion apparent 


What ix automation? 


This mechanization of operations is loosely characterized 
as the automation movement. But which applications of 
machinery and equipment are properly examples of auto 
mation, and which are mechanization of a lesser degree? 
These questions confront us with a need for definitions, a 
need, however, which largely acadeniue. 

bor example, at an Tuternational Harvester Company 
technical conference, Mr ROC. Areher, View President, 
sand Gand quote) 


In plants “we have found 
to utihze automated equipment for many operstion- 


will olan TUT thane uppleation-s stare 


that you wall trod at difficult to determine whether the 
employed is ‘mechanization’ of ‘automation’ The differences 
ave of little anterest to the Harveste flompany We are interested in 
both of they provide as with lower costs, higher quality, qreater sately 


we thing conditions 


In Practical Automation Till Book Co. Ine 
the authors handled the problem this way Gand TP quote): 


This book's viewpoint of automation broadly tmelusive 
That because industry interprets and applies automation 


way. In essence, automation om the currently popular brand 
of technological progress concerned with mereasing productivity 


‘A henrever people Welt 


The Methods kagineecring Problem 


bor the main purpose of our discussion this broad view of 
automation will doo The question that) faces those con 
cerned with Todustrial policies and practice= 
isnot one of automation. problem os that 
of planning and administering a methods engineering 
program with enlightened recognition of the automation 
(or, mechanization, i you preter) trend 

Docs automation threaten to climinate the need 
for traditional methods engineering program? \uto- 
mated machines and production lines provide tremendous 
cost and produetion wd vantages. Manutacturing 
reductions of SOS, have been noted. Automation lites 
ritaltipliod the output of some processes by several tines 
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Certainly these are benefits that are worth pursumg. But 
first sight of some automated processes is awesome. They 
are complex structures, often mvelving unique applications 
af electrical, clectrome, hydraulic, pneumatic, or mechan 
eal technology. Their rough design is beyond the ken of 
the average methods engineer. 

The engineering groups that conceive, design, and tstall 
these “monsters” are nof displacing methods engineering. 
There are two reasons: one, despite the speeding trend 
toward automation, there remaims, and there will renin 
our time a preponderance of “unautomated” operation. 
in need of improvements that methods engimeers can 
yenerate, amd two, there is work for methods engineers 
that os directly and indirectly related to automation 
prajyects 

Maynard, President of the Methods 
Ccnmeal firm of management consultants, goad 
position to observe the effeets of automation on 


Tle says 


It teome that, from the begining. 
have been mterested in the mechanization of repetitive processes 
They have been able to design the steel 
work assisting devices themselves, and have worked Cimoperative 
with tel designers amd tachine lesigners on the mechaneal 
devices that require a speemlized skill in design There wall be 
many (plants) where so called “whole automation’ met 
Pere, it seems to me, the Industrial funmetion 


wall be performed alwaves has been 


Is automation relegating methods engineering to 
\etually, 


the opposite is the case. A large automotive company, tor 


a less important role? No, emphatically not 


Instance, appears to have attached real significance to 
methods engineering after it) bad committed itself te 

Thomas M. Ware, Administrative Viee President of 
the International Minerals & Chemical Corporation, think- 
that: 


the mitist be meh more broadly 
hus ablulity te perceive problem stttiations, amd to conmeenve of 
fresh, tulor made approaches that may be used to salwe them 
drawing broadly from engineering, ceonomee, and management 


skill 


However, from the comments of these men, and trom 
the comments of many others, it is clear that methods 
engineering, as conceived by alert and thoughtful execu 
tives, is changing under the mfluence of automation 
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article in the November-December 1955 issue of 
The Journal of Industrial Engineering D. G. Maleolm, 
National President of the AITE at that time. writes: 


\ look at the new Industmal Logineering is certainly an exeit 
ane perrtitvent stibyject te explore, for we are in an ern when 
rate of the faetor are causing shifts in, or addi 
treme toe the approach required of the Industrial kogineer 
should Tike te mention a few factor that are accelerating this 


gravitation coward the ‘new’ engimeerng 


in the list is automation, under which Mr. Maleolm 
(lisetisses the relative rise in indirect labor and the need 
lor new techniques for measurement and control, 

The changes in methods enginetring are evolu- 
hhonary, not revolutionary, in the same way that automa- 
thon represents an evolutionary development techne- 
progress. bor convenience these changes are class 
as they relate to Craig, program, 


techniques 


Organization 


Methods engimeermng os first affected hy changes taking 
place in the organization of all plant activities. Here are 


/ JI Manager, Standards Lie partment, Century 
Company \s stitomation afleets many departments. it 

Thomas Wares am often renunmded that future executives 


~praw teed whe know how te purkay the values of many 


pectalist- ‘Today there ts necessanly a high degree of speeral 
cat We need to know how to employs ter 
vantage, on faet, we have ne alternative The Industrial 


has bis place on thes” 


The growing need of specialists inp engineering and 
Inanagement is observed. At the same time, they express 
the need tor wavs and means to coordinate the work of 
~pectilists Probably this is our most serious 
organization problem today. There are more staff and sers 
departments, Now we are add- 
Ing operations research, automation, and other funetions. 
We are building more organizational fences. And, as you 
over, around fences mn the 
of carrving an tnprovement project: through successive 
~teps frome idea to mstallation. is industry attempting 
to solve this problem of efferent communications among 
its specialist 7 

Note the tithe of Thomas Ware, previously quoted: 

\diministrative View President.” Estaolishment of his 
position represents an approach by coordinating staff 
aetivities at the highest practical level of management. Hs 
job Is to get done the projects aimed to serve the line, or 
production 

\nother large company established a position of director 
of manufacturing planning, reporting to the manufacturing 
view president, that embraces methods engineering as well 
tol plant quality control, 
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produet engineering, and safety. Again, the purpose is te 
coordinate these specimlizing funetions at a level that 
should simplify speed communications sane ben 
among then, 

Another approach to cutting mter-cdepartment 
nieations red tape is that of assigning teams to projects \ 
team consists of responsible representatives of all depart 
ments concerned with the proyeet to be developed by the 
team. This method works well for large proyeets, such os 
the mexdernization of methods, lavout, and facilities for a 
production department 

Argus Cameras Division of Svivania Eleetrie Products 
Corporation used the team idea on modernization of tts 
finishing department. The Argus Chief Industrial 
neer headed the team which meluded the timshing depart 
ment foreman, a fishing engimeer attached to the labora 
tory, the manager of production planning and materials, a 
methods engineer, and the mamtenance supervisor Janes 
Thompson, the Chief Tndustrialy Engineer, feels that the 
team method provided real advantages, such as: optimum 
improvement goals, shorter development time, smooth 
installation, complete acceptance, quick attamment of 
expected performance in the modermzed department 

buther of these organization ideas mtegration of related 
staff departments and projeet teams can be used stall 
plants as well as large ones. The variables are only 
numbers number of departments and number of peuple 
But however the methods department fits into the plant 
organization, whatever the seheme of organization, the 
methods engineer's alnlity to work effectively with people 
with diverse pomts of view is even more tnportant now 

Within the methods departinent or group, 
raises the question of need for more specialists within 
methods engimeerng Should we add men versed elee 
trieal amd eleetrome controls, for example, and other 
engineering areas to our methods groups? A few say ves, 
tnost say ne, others feel it depends on what you have ane 
need from a plant-wide viewpont 

H. Maynard comments: 


The close relationship between Tndustrial and tool 
and machine design has long been reeegnized Many 
have these two funetions set up the same 
Noy that thos trened wall bart chee tet 
uny great changes taking place more mechanization 
feasible, the «ize of the tool ane machine designe grotipe will bee es 
panded see Industrial taking over this Lumet von 
themselves as long as there «till the of work te de whieh 


Industrial bingineers ordinarily banedle 


Most agree with this previral of view so far as the work of 
methods engineers is concerned. bleetreal amd other 
engineering specialities concerned with equipment design 
are well established outside the area of Lndustrial bog 
neermg. It does not seem desirable, or even tensible to 
try to change the traditions that have developed maturalls 

However, we have two relatively new specialities which 
appear to be gravitating toward Industrial Magineerng, 


and speeihieally, ite the methods funetion: 
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analysix and data processing. New York University re- 
cently revised its Industrial Kngineering curriculum to 
place more emphasis in these areas. DG. Maleolm, in the 
article referred to earlier, discusses, these activities af 
length as major additions to the content of Industrial 
Liagineernng practice, At this stage of development particu- 
larly, these two fields are specialties. 

A third possibility for specialization within the methods 
engineering function is materials handling. Many plants 
do have specialists in handling methods, largely for two 
reasons: development of methods and equipment for han 
dling has been moving very fast during the past decade; 
and two, the opportunities for improvements in material 
handling practices are numerous and very rewarding. 

The automation movement is expanding the practice of 
anigning engineers to specialized work. In discussing the 
relationship of automation with methods engineering we 
lgieally cannot avoid the question of specialization within 
the methods unit. 

In practice, methods specialties include: manual work 
analysis, or motion study; tool and fixture design; plant 
layout; material handling; data processing; statistical 
analysis; and soon. Also, you can have process specialists, 
such as machine shop analysts and others. 

If the size of your program and organization will permit 
any specalization among your methods engineers, the 
wivantages outweigh the disadvantages. You stand to 
vain additional operational savings by concentration of 
knowledge and effort, refinement of analysis and develop 
ment techniques applicable to the specialty, and possibly 
better engineering perlormance on projects. 
The major disadvantages, of course, are: the omission of 
broad trunmmng and expenence desirable for promotion of 
engineers: and, the establishment of additional communi 


eation and coordination problems. 


Training 

Automation adds considerable emphasis for the need to 
maintain a continuing program of tramimng for methods 
engineers, Many years ago we used to think of traiming 
only im relation to the initial work period variously from 
the first day to the first month ortwo of anewly employed 
engineer. Today we recognize more generally that traming 
is it continuing Process throughout the period ol employ 

The automation movement, too, points up the need to 
train methods engineers along two separate but parallel 
paths. We must pros ide our engineers with the opportu 
nity to learn the new techniques that are useful in methods 
work, such as linear programming, predetermined time 
standards, and soon. At the same time we should provide 
the opportunity for our methods engineers to keep abreast 
af technological developments related to the business or 
in which they are employed. 

A methods engineer should be fanuliar in a general way 
with the newest processing equipment and methods in 
his industry. There have been many cases of the waste of 
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the time of a methods engineer attempting to get a 10% 
saving out of an operation by improving manual motions 
when he could have suggested purchase of a newly mar- 
keted machine that would effect a 50% net saving if he 
had known about the machine. And he did not need to 
understand fully the design of the machine. 

Professor James Apple states: 


The methods engineer must be more of an engineer and less of 
a technician, This may require that those persons now performing 
methods engineering functions take additional traiming in engi 
neering, and it certainly will require that future methods engineers 
be well grounded in engineering fundamentals, especially as they 
are related to equipment design, integration, and layout. 


And Thomas Ware visualizes the need for broad training 


when he says: 


The Industral kogineer must be much more broadly trained 
in bus abulity to perceive problem situations, and to conceive of 
fresh, taullormade approaches that may be used to solve them, 
drawing broadly from engineering skillx, economic skills and 
management skills, 


Program 

Traditionally, we have set up methods improvement 
programs by listing departments, products, or functions 
(inspection, for example) that appeared to need attention, 
and add specific projects on which we intended to work. 
But the ain in general has been to find individual opera- 
tions small pieces of the total production process to 
improve, and then to develop improvements. 

The automation movement is effecting some change m 
this concept of program. There is today a growing trend 
to broaden each project in the program, The program 
starts in the same manner with a list of departments, 
products, and functions that need attention. But the aim 
is a large-scale modernization of the entity. In other words, 
the tendency is to make a big project of each item im the 
program. Automation of the process is considered. Some 
degree of enlargement of mechanization generally ts 
inherent im the final plan. 

There are two basic causes behind this broader approach : 
the high rate of technological development; and the neces- 
sity for aggressive battle with rising costs to remain compe- 
titive, 

This broad approach to problem solving has to be in. 
tinted somewhere. The alternative: A methods engineering 
group can wait for someone else to suggest a broad project, 
and wait for assignment of work to bits and pieces of it 
Visualizing and defining a broad project and getting 
approval to explore it require big thinking, the capacity 
to shoulder major responsibilities, and leadership. It is 
challenging. But the rewards are commensurate. Many 
Industrial Engineering departments are accepting the 
challenge. 

No good methods prograth, however, can be limited to 
projects of broad seope. Many of the most troublesome 
plant problems that need the attention of methods engi- 
neering are those of a very limited nature one operation 
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that slows «a production line, one point of inventory 
build-up, a single paperwork process, and so on. They 
must be mneluded in any plant's program. Minor improve- 
ments solve problems that are extremely important to 
individual supervisors, and the aggregate net savings can 
be significant if not impressive. A really important aspect 
of programming small projects is to get results get them 
done quickly, efficiently, and satisfactorily, 

As in the case of the big projects, the opportunity to 
automate or mechanize exists in small projects. The addi- 
tion to a machine of automatic feeding and ejection of 
materials, or appheation of program control to automate a 
machine are commonplace methods improvements today. 
(Ciood methods engineers must be aware of the technology 
and alert to the potentials of application even though in- 
capable of designing the application. 

Automation is effecting changes in labor mix which 
should be considered when you are projecting a methods 
Hnuprovement program. The proportion of indireet and 
maintenance workers, compared with direct labor is, in- 
creasing. There will be a correspondingly growing need 
for methods engineering work in these areas. 

\nother opportunity for methods engineering that is 
becoming nore significant is the determination of type and 
location of machine and equipment controls. The problem 
Is Sitular, in some respects, to the familiar one of workplace 
arrangement, and the same principles apply. In addition, 
there is a new aren of exploration in relation to the type 
and location of instruments and signals to facilitate view- 
ng and reaction on the part of operators. 

‘There are many other types of projects to be considered 
for a methods engineering study. They are not new ideas, 
but changing conditions in industry and new techniques can 
affect their relative importance for any one plant. There 
ure make-or-buy studies, storage methods, packaging 
methods, and application of new materials, just to name a 
few. You might argue that material specifications are the 
responsibility of product design, But please consider two 
pertinent facts: first, product materials affect the cost of 
making the product; and the second, integrated engineering 
not only permits, but requires exchanges of suggestions 
among the various engineering and staff functions 


Techniques 

The methods engineering activity in a plant that is fol. 
lowing the trend toward greater mechanization uses all the 
techniques that are traditional. But a few newer tools 
Warrant special consideration wi relation to automation. 
The three discussed here provide examples, rather than an 
exclusive list, of the need of methods engineers for a variety 
of tools and techniques to work successfully in an automa- 


thon climate 


Work Sampling 


Work sampling has been explained so thoroughly in other 
articles, and in books, that there is no need here for defini- 


tive diseussion. 
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Obviously, an Industrial Engineer can use work sampling 
for many purposes, related to all his functional activities. 
Considering methods engineering only, we find an imnereas- 
Ing use of the technique for two Purposes: to spot the needs 
and opportunities to improve methods; and, to obtam: im 
formation needed to aid the solution of a methods problem 
and to justify a change proposal. 

lor instance, you can use work sampling to learn the 
utilization of equipment and indirect labor time, the cost of 
materials handling, the effectiveness of maintenance labor, 
and others already familiar to you. 

An automobile manufacturer used work sampling m a 
deliberate attempt to improve the effeetiveness, by um. 
proving methods, of a 75-station trim assembly line. It 
took four engineers only four days to make more than 
30,000 observations enough to get a reasonably accurate 
picture of what was going on at every station on the line, 
Methods engineers then went to work more intelligently, 
beginning with operations that needed improvement most, 
and using the work sampling information to guide balane- 
ing of the line as well. The advantage in using work sam 
pling was the saving of time in determining where to 
concentrate methods improvement effort, and in obtaming 
factual data needed to analyze present methals and to 
justify changes. 

Another company used work sampling to find out where 
it could best improve materials handling practices. Its 
plant is a fabricating shop, building a vanety of heavy 
equipment. There is a high volume of diverse material 
movement, 

Observers made sampling records over a long perod of 
time two or three months to sample a vanety of work 
and shop conditions They observed the activity of mater. 
als handling equipment - predominantly mdustrial trueks 
and overhead traveling cranes, in this instance and 
operation delays along with their causes. In analysis, the 
methods engineers concerned themselves largely with the 
delays related to the handling and movement of materials. 

(;uided by a large amount of information, the engineers 
were able to recommend changes in equipment assignment 
within a short time after the observation period had ended. 
The recommendations were practical, they were based on 
facts. The resultant changes effected a reduction in job 
cycle time speeded the flow of materials and work through 


the shop. 


Methods Improvement Training 


More and more companies are increasing the number of 
employees contnbuting to methods improvement by 
training people outside the Industrial bngineermg or 
methods department in methods improvement techniques 
Perhaps you're thinking that this is not a methods eng 
neering technique. You're nght if you are going to restrict 
your view of the Industrial Engineer's job to the perform 
ance of his personal work in the field of methods. But it 
you'll accept a broader view of his job) to develop and 
maintain a program of continuing improvements im meth- 
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Ods then probably you will agree that the Industrial 
hngineer should consider utilizing this means of enlisting 
Others in the effort to obtain methods improvement objec 
lives 

The prunary objective is to stimulate the volume of 
howd» with a corresponding imerease in 
the magmitude of cost reduction. There is also a by-product 
to methods engimeernng. It can be freed of small 
waprovement projects to the extent that perinits the 
methods engineers to emphasize large-scale, broed in 
provement projects. This is the type of proyect, discussed 
carer an this article, that is more and more associated 
with the automation trend 

bor example, the Mueller Brass Company bas a work 
sHnplifieation activity and a distinetly separate method- 
engihecrng group. 

It trate line supervisors and key staff people work 
techniques, having started several years age 
with Allan Mogensen trang. (By the way, the exper 
ence of this company bas been that eighty per cent of 
practical and improvement ideas come from 
and key stall chiplovees, eon 
eentrates its work program with them 
‘These people then become completely responsible lor de 
velopment of an idea mght on through bach 
does himself whatever is required contacts to get advice, 
data, and approvals Gf required); selling the idea, and 
direction of installation, OF course, he get= help from stall 
departments, but it’s technical help, not menial services. 
B This company requires each person trained to install 
one daprovement proyect per month, The penalty for 
is loss of a portion ofl his bonus for that month, 
‘The accounting department provides follow-up audits for 
nanagement control of the program. 

In addition, the company has a methods engineering 
group that obtams mnprovements by deliberate search 
and persistent analysis. It takes the areas where there are 
cot probletus, them thoroughly, ann develops 


recommendations for improvements of methods. 


Methods Analysis Guides 


The common approach to deliberate improvement in 
process methods is to question everything about the proe- 
ess, and let the answers guide improvement. All of you are 
with this techique. The keys to effectiveness of 
this system are: to ask the mght Questions; and to get 
mdequate answers to the questions 

Toward this end many general check lists of questions 
have been developed, and many have been published. 
Probably many of you have your own check lists. Many 
Companies are Usitip stich aids. 

One company has gone further in the direction of devel- 
oping check lists and analysts forms than most. [ts methods 
engineers are using many different forms, one tor each of 
severnl ol rations there areeases in which 
an engineer will use two or three of the forms for one opera 


tion of their application will help 
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Some of the forms are familiar tools for methods analy- 
sis. “They include: process, or flow chart; act analysis 
(right- and left-hand) chart; a movement, or operation 
analysis form; and a cost comparison (present vs. pro- 
posed) formu, 

In addition, they have some check lists and forms espe- 
cially designed for their processes. These include: assembly ; 
material handling: fabmeating; and others. 

This is a significant idea, one that is especially useful in 
the case of highly mechanized processes, And it can be ex- 
panded to proy ide aset of guides or as many classifiestions 
of processes as a Company might require, Also, these check 
lists might be maintained currently to include specific 
equipment and method applieation ideas. Such a system 
could provide in writing a means of making “cross-fertil 
zation” of ideas more effective. 


Predetermined Time Standards Systems 


Some time ago Factory Management and Maintenance 
made a survey of the experiences of companies using a pre- 
determined time standards system such as MTM, Work 
hactors, BMPT, and MTA. 

Seventy-cight per cent of the respondents said they 
utilized them systems for methods improvement. Sixty 
per cent said they used their systems to select 
prior to production, 

As a matter of fact, the systems appear to be more 
widely used for methods engineermg than they are for 
standards development, Sixty-six per cent said they used 
PES for incentive standards, and thirty-five per cent for 
daywork standards, (There is some overlap in these per 
centages because some companies indicated usage for both 
pM | 

do they use PPS for methods engineerimg? A cause 
in that of the Company, 

‘This company, a tianufacturer of irons, vacuum 
cleaners, jacks, and vises, won a contract for an electrical 
mechanism fora missile anda set of “how-to-make 
problems.” [t consisted of 70 parts, some quite small, and 
required close tolerances. In short, Birtman personnel were 
Untamhar with some of the assembly requirements 

The company had to meet a full assembly schedule in 
a short tune. Before the deadline it had to: 1. design and 
build the fixtures that would be needed; 2. figure out how 
many fixtures, tools, and operators would be necessary; 3 
iron out the inevitable bugs in the new assembly process; 
}. plan the layout of work stations according to motion 
economy principles, and make the installations; and 5 
tram the operators 

Birtrnan’s methods engineers planned the assembly 
in their laboratory. Sub-assemblies were divided 
among several two-man teams. Along with each idea for 
performing an operation each team analyzed motions re- 
quired and ealeulated time required tor the operation from 
them tables of motion time values, 

iy this means the engineers were able to select: practical 


Volume Vill, Number 6 


and economical methods, and plan the balancing of opera 
tions before any equipment was set up in the shop. The 
<olutions of all the problems mentioned earlier were 
tated by having reliable time data during the planning 
stage. 

A mechanized process ts more costly todesign and install 
than one that ts predominantly manual. The greater mnvest- 
ment im a mechanized process makes down time more 
costly. Therefore, it is more important to plan earetully 
and accurately the methods of operating the process. PTs 
is a useful technique for preproduction development of 


the operating methods. 


Button, Button, Who's Got the Button’ 


Bs balwards KR. Fish, Jr. 


Planning Saperintendent, Northwestern Glase Company, Seattle 
/ 


Hlow many times have we as Ths been asked to explain 
our profession tog lavinan answer to the question ‘pust 
What is it vou do’? Not an easy question to answer clearly, 
and the trouble is compounded by the tact that there are 
somany of us now that the Prolesston is i Whole has found 
it necessary to seek an answer which is brief, conepse, 
stiiple and directional. Is there an answer yet? Is the pro 
fession Cohesive enough to permut a single statement of tts 
purpose and methads? Or will we have to play “button, 
button’ for a while vet, reaching into many pairs of out 
stretched hands to find the answer by elimination? Cer 
tainly the Long Range statement 
of the Todustrial Engineering field has shortened the 
process, but a great deal remains to be thought, written 
and spoken before a full understanding of our professtonil 


Functions of the Industrial kKngineer 


I would like to suggest that much progress can be miude 
toward such an understanding tf members of the profession 
will individually challenge them own jobs to see just what 
they are trying to do. Bert TL Norem, writing im the 
September October issue of the Journal of Industrial 


"An entry in the First Annual Professional Paper Contest 
sponsored by Seattle Chapter, American Institute of Industrial 
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Summary 


When automation begins to spread within a plant i 
creates new demands upon operating funetions and eon 
trols. Methads engimeermg, too, is affected. becomes 
thore indispensable methods design Is Fe 
quired to guarantee optimum results. But the methods 
engimecrng problems and proyeets are broader and deeper, 
They require change and adjustment to meet the ehal 
lenge of atitomation to methods engineermg. It was the 


purpose of this article to examine and disetss these 


changes. 


engineering, makes the port that the engimeer should aim 
for excellenee m the work he m tot try 
The engineer shall be known by his actual accomplish 
What the prokesstons definition save he 
able te cles, aecordmg te Nir Noremn 

This is a very sound point of view, whieh ean be carried 
even further. bor instanee, we should explore this theughe 
in more detail as it relates to the condition of Th. aecom 
plishment in the small business firm. Perhaps by so 
we con learn more about how to carry out our professronal 
purpose moa particular field. Now, the typreal stall bass 
ness employs filty to two hundred fifty employees, and bs 
run by five or six key executives, who are headed actively 
by «a president. It operates under a rather loose organ 
zational plan and has a rate of growth whieh will not soon 


change these conditions. This is the kind of business whieh 
employs one or less hos, represents 
tential for the mght kind of professional assistance 

It may be well to define the nature of this assitance 
What kind of results are we after, and what accomplish 
ments will warrant recognition as «a true professional 
assistant and provide a service to the eniplover whieh is mot 
otherwise obtamable? This im the true test of a profes 
sional’s worth to render a service whieh mereases the 
effectiveness of his employer and which cannot be obtamed 
in equal quality from any other source. bor metanece, the 
controller provides a speemlized knowledge of 
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management and budget formulation to control use of 
the company’s funds. The sales manager offers a particu- 
lar combination of leadership and yiarket sense, which is 
necessary to the life of the business; and the personnel 
manager performs a truly specialized job in assuring a 
stable, competent work force. 

The Industrial lengineer's service must be as distinctive 
and indispensable as each of these if he is to be recognized 
as a true professional aide to his company. He must be 
able to bring about smoother operation of all these other 
funetions over the long pull, provide a continually more 
accurate sense of direction to the whole concern, and lead 
everyone in the group in effecting sound economies. Know!l- 
edge of the usual tools of the trade — statistics, time and 
motion study, imeentives, flow charts, etc. is essential 
of course, but concentration on these techniques is often 
incidental and certainly should not be the [k's principal 
function om the small concern. Wis work needs to be more 
like a piece of “enabling legislation’ which opens the way 
by showing methods which the local departmental govern 
ments can use to run ther affairs more effectively. 

bor example, a paper processing plant’s Ih, when asked 
to evaluate the work of the plate-making shop, discovered 
a familiar situation. A series of technical changes over the 
years had gradually clinimated much of the work formerly 
done, but the erew had not been reduced in proportion. A 
simple chart illustrating the situation enabled the superimn 
tendent to size up the correction required and make the 
necessary changes effectively. In another case the same 
engineer worked with the production scheduler to help him 
gather and present information to the general manager, 
which led to an tmmediate program of press capacity 
mdidition. A simple machine load analysis method, which 
the scheduler controls, was developed at the same time to 
show the direction of future equipment purchases. 

To determine how the Ik can be sure of rendering his 
particular service effectively in the small company re- 
quires a further study of some of the special conditions 
found on this kind of organization. 


Decision Making 


The first of these conditions, under which the engincer 
must learn to work effectively, is that decision-making 
authority is usually held very closely at the top level. 
Nearly every small business is heavily influenced by one 
man because it is “his business’ and he makes the guiding 
decisions. After all, wouldn't your own business be the 
has his own formula for success, 


same way? The ‘boss’ 
usually based on past results, which has worked for hin 
and which he is not likely to change quickly. Anyone 
wishing to affect the direction of the business or its policies 
must understand this formula. To be effective the Ik 
must constantly consider and appreciate its importance, 
for much of his work is concerned with adapting it to new 
thoughts and conditions. Many otherwise capable engi- 
neers are thwarted because they fail to realize the im- 
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portance of this pattern to the chief executive's conduct of 
the business. 

lor instance, a young engineer working for a medium- 
sized household furnishings plant, owned by a veteran 
merchandiser, attempted to carry out a series of time 
studies in the plant without a full understanding of the 
owner's purpose. He failed miserably, not because the 
time studies were bad, but because the owner had built 
a successful business on a flexible sales and style policy, 
and instinctively resisted a premature attempt to stand- 
ardize his operations which were contrary to his success 
formula. 


Economic and Mental Barriers 


Another feature of the smaller-sized firm, which the IF 
must consider in his work, is the existence of economic and 
mental barriers to many of the Industrial I:ngineering 
tools, both old and new. Money is a problem in varying 
degree to any size concern, but in the smaller businesses 
the allocation of working capital is of prime importance. 
To select two simple examples: a delay or wrong move in 
providing plant facilities can lose enough sales volume to 
make the difference between profit: and loss; or inability 
to finance imventory at the proper time can cause either 
costly shutdowns or loss of business. Because of these 
limitations, working capital is in constant demand for the 
which to most small company managements 
with a predictable payoff period 


are the “sure things’ 
plant, equipment and inventories. [It is thus easy to see 
why these managements have a sizeable mental barrier 
to spending anything for the advanced management 
techniques of the Ik. Even though most capable executives 
agree that logical engineering analysis and detailed opera. 
tion study can minimize business risk and improve applica 
tion of working capital, they may still be reluctant to 
take funds away from daily operation of the business in 
order to pay for them. In other words, “seat of the pants’ 
management methods are often dictated by financial 


’ 


considerations, and can be changed only as rapidly as 
more modern management methods prove their ability 
to carn more money than they cost. 


The Flexible Organization 


A third important consideration in relating [lk to the 
stall business unit is the lack of clear definitions for 
funetions or departments within the organization. Duties 
often overlap, department heads usually work closely 
together on a personal basis, and systems are adjusted 
informally to suit needs as they arise. Sales problems are 
promptly converted to factory action; and financial crises 
reflect immediately in purchasing policy because of this 
adaptability. Fast footwork is the small firm's only real 
weapon against the crushing weight of large competitors. 
The small organization survives and grows because it is a 
single flexible unit with the ability to direct all its talents 
quickly in any direction. If a product needs to be rede- 
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signed, the four or six key people can usually work it out 
on the spot, or if a sudden large order develops, a few 
minutes’ get-together works out the production schedule 
changes required. Because everyone is thus “in harness” 
and directly involved in the daily responsibility of keeping 
the business going, there is very apt to be spoken or im- 
plied criticism of the presence of staff personnel. IE under 
these conditions becomes a process of educating and in- 
fluencing an organization on the run, without retarding us 


rate of motion or restricting us freedom of action. 


Conclusion 


There are three primary distinguishing features of the 
small business organization the boss's success formula; 
the financial and mental barriers to introduction of ad- 
vanced [E techniques; and the amorphous, flexible organ- 
ization. These now form a background for some con- 
clusions about the place of the Ik. Realizing these 
conditions, What can the Industrial engineer do to increase 
managerial effectiveness and provide a more sure sense of 
direction for the enterprise? There is certainly one thing 
he should not do. Tle should not become a “methods man” 
or “eost reduction engineer”, jumping from pillar to post 
on call from foreman or supermtendents. In the first place, 
such spot assignments have a baffling way of shifting 
location rapidly; and in the second place they are usually 
only a surface indication of deeper and more important 
defects. Here is an actual example from reeent ex- 
perience: plant, Valuable warehouse capacity 
was bemg wasted by inaccurate placement of palletized 
lowds of finished product. When a correction was at- 
tempted, lift truck drivers nomediately pomted out that 
them trucks were in very poor condition and could not 
efimently work on such close conditions an assertion 
Which was amply justified by the facets. Therefore, the 
maintenance department was mstructed to overhaul the 
equipment. Tlowever, it soon developed that such a 
project would require months to complete because the 
repair erew had been reduced some time earlier to save 
cost during one of the reeurring periods of low sales 
volume. The plant engineer was reluctant to hire more 
mechanies, only to lay them off again unde? pressure of the 
next economy drive. A study of this situation finally 
revealed this company’s major weak spot. Production 
volume could not be stabilized because there were no in- 
telligent sales forecasts, nor could there be a reasonable 
labor cost budget to guide department heads, such as the 
plant engineer, in mamtammg an efficient crew. So 
finally the important problem was found a problem 
which had not had the objective attention of management 
because its importance to the operation was not realized. 
The real trouble was one of focusing management atten- 
tion, not of methods or operation improvement in the shop. 
As such, it had to be handled at the management level by 
a gradual increase in understanding of the true difficulty 
and a shift of policy to meet it. This was eventually ae- 
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complished by the I, over a period of about a year and a 
half, and the company is now well on its way to accurate 
production forecasting and realistic manufacturing cost 
budgets. 

In this story is the clue to the Ik’s importance in the 
small business world. Owners and managers of these 
businesses need, and usually very much want, someone in 
the organization with ability and training to direct their 
objective attention to unrealized weaknesses, but such 
help must be a part of the management itself. In no other 
way can it work with the special success formula, or with 
the flexible, shifting organization pattern so often found im 
this kind of business. Take another look at the offieml Tk 
definition. It speaks of “integrated systems of men, materials 
and equipment” and how to “design, specify, predict and 
evaluate the results to be obtained from such systems.” 
As Mr. Norem states, “this is a very broad statement of 
the work of the Ih." It ts also a good statement ot whist 
management of a small enterprise must do regularly, 
evaluation, design and installation of changes im the 
essence of management in the small, mobile organization, 
but it is traditionally accomplished by a small group from 
“close on” with little or no help from outsiders. 


Engineer in Management 

What is needed in these firms is an engineer in manage 
ment to take the lead in more logical analysis of the base 
problems which hamper daily operation, K& directing, ot 
coaching, or pomting, the efforts of the other organization 
members to solve them. To do this he must often take 
over line administrative duties im order to get close to the 
operation, amd to demonstrate the soundness of his 
methods. This engineer for management moulds hinsell 
into company plans und policies in such a way that stenedy 
progress is made without disturbance while he shows 
others in management how to apply new methods to solve 
their problems. He becomes a part of the company im 
order to practise his profession effectively. In the small 
company the professional Th must learn to apply his 
in day-to-day terms from within. [lis serviee is ne 
less pnportant than that suppled by the practitioners of 
the many new and advanced analytical techniques for 
large applications, for he must not only understand his 
tools but be able to make them work single handed. This 
requires good judgment and willingness to assume full 
responsibility for results, 

Application of the [Tl definition to actual practice in the 
world of small business certainly does not change the 
definition in any significant way. It has not been the 
purpose of this discussion to change the definition. Rather, 
I have tried to deseribe a particular field of applieation im 
the hope of improving general understanding of the Ihi’s 
professional purpose. If others will do likewise, we will 
soon have a body of thought sufficient to clear up the 
confusion with which we are now beset. 
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Report to the Kighth AILE National Confer- 
ence on the System Simulation Symposium 


By Warren b. Alberts 


ral Engineering, nite d Ave Lane a, Chis 


The purpose of the Symposium was to bring together 
men from all over the country who were working in the 
yeneral field of simulation as apphed to business and 
systems. The growing interest and expenence im 
the use of simulation techniques had suggested that a 
meeting of practitioners, wherem problems, experiences 
amd results might be discussed then summarized and 
published, would be of real value to the practitioners and 
“a oservice to management, the management sciences and 
enginecrnng. My task ts to puss on to you some of the 
highlights of the meeting which occupied the time of some 
for a day and a halt 

ln very real sense, the represented a 
effort in together people frome 
soieties and organizations to discuss them work in 


this relatively new area. Tt also represents the first) tine 


that a meeting of this type has been pounthy sponsored by 


the Amencean Tostitute of lengineers, the 


Operations Research Sooety of Ameren, and The In 
stitute of Management Scrences, The actual Symposium 
was under the direction of a Steering Committee, with 
Dr Tom Caywood representing ORSA, Dr. B. Tertz 
representing TIMMS, Don Maleolm representing AIT, 
John Arwood acting as the Host for the ALT Chapter, 
and your speaker as Chairman 

The Symposium was linuted to 20 and was by invitation 
only. Tnvitations were issued on the basis of the mdividual’s 
work in the field, and his ability to contribute to the Syin- 
posit. Due to the extreme newness and potential of this 
field, the Committee is sure that many individuals who 
could have made significant contributions were mot i 
eluded, However, there was no way to determine ino ad 
vance the extent of their work, and we had set a limit of 20 
to facilitate discussion, As it was, we were extremely 
pressed for time 

Following are the participants who, in addition to the 
Steermg Cominittee, took part in the Symposium: 
Mr Brown, Arthur DD A General Purpose Inventors 

Lattle Control Simulation 
lr HOLL Chapman, Rand Corp Simulation for the Traming of 

Air Force Personne! 
bvaluation of Alternatives on 

Profits 
Operational Model of a 


Nir Richard Conway. Cor 
nell 

Nir Dballeek, United Au 
Lanes ing lane Problem 

Mer J. Penney, Stanford Re Selection Among Alternative 
search Lostitute Nadel. 
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lie i (salliher NMas<achu Naonte arle 
Institute of Technolog, 
lr W. W. Havthorn, Rand 


(‘orp Logistics System 


Simulation of the Air boree 


bilward L. Howard, Cali 
fornia Texas Oil Company 

Mr N. Jennings, Port) of 
New York Authority 

Jack Moshman, Couner! for 
Leonomic & Industry Re 
search. Ine 

tien 

Mir brane Amereun 
Management 

Mr Patrick J) Robinson, tin 


Model of the bintire banter 

Computer Simulation of «a Bus 
Terminal Operation 

bstablixshing Deviation Lamuit- 


for a Complex System 


Simulating the Shop Sehedual 
Process 

(sane 

\ Network 


perial (hl Company, 
lr TOC Rowen, Rand Corp Simulation of the Ate Defense 
Sistem 
Mr Rowe, General Machine Shop Seheduling Prot 
Mir Harrys Ruban Aw Matervel (SAR Atreraft) Man 
(Command agement Model 


Nir Sebel! 


\ Review of karly Simulation 


(orp 
PO Thotupeon Simulation of the Strategie 
bleetre Company Was 


Mr. Strother Walker, Johns Simulation of the Quarter 
Hopkins University 


Mer Jack Weinstock, Kame 
Wooldridge Corporation 


master Supply Problem 

Inventory Control Solution by 

Since time began, man has made models, facsmules or 
representations of reality, the purpose bemg to learn 
from them, test ideas, and predict what the effeet might 
be if he acts in a certain way; in other words, man’s efforts 
to comprehend his ehvironment. Webster says that sim 
ulation is to attain the essence of (not necessarily the 
appearance of) without the reality. When we talk about 
system simulation, we are talking about duplicating the 
essence of either a business, military or other type system 
ina Way that we can work with it. It may help to briefly 
cite some of the practical examples and applications on 
which the participants of the Symposium reported. 
Remember, these are highlights. 

In the military area, we heard a report on the simulation 
of the entire air defense system. Basically used for traiming, 
this simulator, employing over 200 people, is being used 
for over 2,000,000 training hours annually. The eriteria 
has not been realism in the simulation, but to try and 
elicit the same response as the real situation. In this way 
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itean be determined what men learn, why they learned it, 
and what their expected performance will be in actual 
operation of the svstem. The report on the simulation of 
the Air Foree Logisties System, a model which will deal 
with over 1,000,000 items and controlled on an exeeption 
basis, is in an advanced stage of development. Here the 
tiedel is bemg set up to compress real time and deal with 
complex logistic problems spanning years m a matter of 
davs. Another report was on the simulation of the entire 
Strategic Air War where 4,000 aireraft: are operated im 
real situations on either side and 72 hours of warfare can 
be compressed into 8 hours of computer time. 

In the queuemg, or waiting line, problem area a very 
interesting report Was made on the study of a bus terminal 
operation during a peak hour. Imagine the problem of 
fitting 17,000 people into 320 busses in one hour. In this 
ease the model is being used to balance the service aspects 
with economies in order to give the best possible service 
to the traveling 

Another paper was on a simulation of the different types 
of customer services rendered at a busv airline ticket 
counter, Discussed were the costing of the different levels 
of service and compartsons of universal versus specialized 
counter types. Almost every industry has this type of 
wating line problem where there is no real solution but 
the objective is te find a balance between the length of 
walt amd the costs mvolved 

There were quite a few reports made on problems in the 
inventory area. noone case, a firm is devising a general 
program to handle a certain class of inventory problems 
for all types of nedustry. Another report Was on work 
young ubead for the Army Ordnance System where the 
problem is one of handling and controlling 400,000 items 
in 7 supply depots. The distribution problem of a manu- 
facturing company handling some 10,0000 items was 
discussed, along with the distmbution of an ol company 
Whose network covered some DSOO field plants. The model 
developed for the Quartermaster Corps, which ean simu 
late ealendar quarters in 30) seconds for different 
categories of goods, was discussed. In the aireraft engine 
management field a model is bemg developed to melude 
all the variables in the distribution, maintenance and 
supply oof aireraft) engines the continental 
nited States 

Now, jumping to an entirely different type of model, a 
presentation Was made of a top management game which 
stitlates for top executives the deeisions imvolved im 
competing with other firms on a game basis. This has been 
reported several and the new “papers recently, 
The value is not so much im trammg executives to make 
decisions as it is to broaden their viewpoints and make 
them aware of the inter-relationship of the information 
that they deal with and the need for better information 
on Which to base their decisions and planning. 

One of the ideas bemg explored is the development of a 
noodel whieh will stmulate the entire workings of a corpo- 
rate enterprise ineluding developmental, production, 
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distribution afd sales networks all over the world. The 
plan would be to work towards the integration of a com 
pany's data processing and communication system with a 
model which can be used not only to record what's evi 
on and the trends mvolved, but also at any given time 
represent the essence of how the organization actually 
works, which means tt can be used to forecast and test 
ideas for the future. In this way management has, for the 
first time, a corporate laboratory where at any one Tite 
they ean be fairly sure that they have a model of the 
enterprise which is being continually refined not only by 
the instructions that they pass out, but alse the results 
as they are fed back in. This will not be an easy task and 
will take many vears to achieve; in fact, nt will have to 
be done on a building block process. Llowever, it 
portant to recognize the importance of this type of ob 
jective im the future dlesiggn of over-all management 

One of the toughest problems mm the management tele 
ix that of production scheduling, and there have been 
many attempts to apply Whieh will 
performance im this aren. One of the models reported 
dealt with the scheduling of a machine shop. The objeetive 
is to minimize the problems of lateness, mventory costs, 
and idle time. The model deals with some 64 groups of 
machines amd labor pools with vartouws skills truly 
snulates the operational essence of machine shop 
llowever, it does not give magic answers, only the results 
assuming cifferent work, mputs and changes the 
puruineters 

Now, to take this conned 
out of the mystertous realo in whieh vou may be view pig 
it, | would like to show vou a svinbele preture of a model 
which we started working on Tt, ne way, 
representative of all types of models and it does not give 
one right answer. Its job, im this case, ms to simulate the 
actual operation of the entire maimtenance situation at 
one of United Aur Lines’ mayor statrons. In the ease of thie 
particular model, we to simulate the operation 
an analytical or mathematical fashion. However, we found 
that we could not do it at the present state of the art se 
we elected to use a computer and introduce the variables 
from real lite by what is known as the Monte Carlo method 
All of the important variables were measured meliding 
their probalality of oecurrence. As you can see, we tise 
large computer to do the actual simulation, and on one 
hand we have introduced the data which we have col 
lected over a d months’ period from the feld, and then on 
the other side we give the machine a logien! set of im 
structions which enables it to reproduce the essence of 
life and call.upon the data as it is needed. Then as mput 
into the motel, we can see that we can mitroduce of change 
the number of men on each shift, the facthties required, 
the schedule pattern, and our mamtenanee philosephy 
As output, we get reports such as one would actually get 
yi actual operation. Llowever, in some cases, we get 
formation we couldn't actually obtain such as the number 


THE JOURNAL OF INDUSTRIAL ENGINEERING 367 


MODEL OF AN 
AIRLINE MAINTENANCE _ FACILITY 


MANPOWIE FACILITIES POLICIES 


INPUT 
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OUTPUT 
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of men idle by 15 minute periods. In this model we are 
snulating 100 days of operation im a little less than 12 
minutes, It is to remember that these model- 
make no decisions; they are only a tool for management 
but their potential is dramatically apparent 

This ts a brief review of the highlight. of the Svinposiunm 
as far as the reports went and an example of one of the 
models about which we talked. To cover the discussion 
period we will pursue baste questions; the type that you 
wl would ask if we were completely unfamiliar with the 
stulyect 

First of all, let's ask the question, since we're talking 
about system simulition, “What is a system?”. This is 
definition we deeadéd not to spend too much time on. As 
you cnn probably guess, a system is anything you want it 
to be. Ht is identilied by the boundaries you or your assoct- 
ates draw. An Industrial kngineer or business man may 
think of a nVALOY) as the use of men, machines and ma 
terials to achieve a given objective. The objective in 
some cases is to produce or distribute goods aud the 
svyatem can encompass the whole company or any part 
of the process. ‘True systems are not restrieted by organi 
zation charts or departmental lines. 

Now, we've talked about models; “What ts a system 
modal?” Well, here again, it is not so important to describe 
the model itself aso define what it is. There was general 
econeurrence in the definition that a system model is a 
svinbolie representation of a 8ystem which has, for a given 
purpose, the desired characteristics of reality. With thi- 
TO cur now proceed to a definition of system 
simtilation, which is ‘simply the use of a system model to 
reproduce the CRSCTIC’ of actual system operations, 

Qur next question might well be, “What hinds of models 
are there?” Without drawing too fine a line or getting in 
too deep, it looks hke there are three. First, the physical 
or visual model which looks like what it: represents and 
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is exemplified by a map, a proto-type of a new aircraft, 
or the layout of your new plant. The second type of 
model can be called an operational or analog description 
of the operation. Here may be used a straight-forward, 
logical step-by-step sequencing of operations as they 
exist in real life. An example of this type of model is the 
waiting line model or the aircraft station model which we 
just covered. The third type of model is called an analytical 
model, and its interactions can be stated in mathematical 
form. Actually, all workers in the model field seek to ex- 
press a system in an analytical form. However, in real 
life there are often so many variables and probabilities 
to be handled that the means to handle this in an analytical 
form, plus having it understood by the people who are 
going to have to work with it, has not been developed. 

It is important to remember that as in real life the 
physical and operational models do not produce any one 
right answer, but either give you as output operational 
data or the means to make comparisons between alterna- 
tives. The analytical model, on the other hand, if appli- 
cable can be used to arrive at an optimum answer for 
certain conditions. We have talked about the Monte 
Carlo method; maybe we ought to offer a definition. [It ts a 
computational method or technique of introducing data 
of a random or probabilistic nature into a model. It» 
purpose is to reproduce data in the same manner as would 
occur ina real life situation. 

Now, we may well ask the crucial question. “Why 
should business men, management scientists, or anyone 
as far as that is concerned, be interested in simulating a 
system?’ Well, there are some pretty important reasons, 
and they are as follows: 


1. For purpose of experimentation or evaluation; in other words 
to try and predict the of changes in poly, 
conditions, methods, ete., without having to spend the 
money or taking the rk to actually make the change mm real 
life 

To learn more about the system in order to redesign or retine it 
The very complexity of most of our business and industrial 
~vstems makes necessary a means to provide understanding 
of both the «vstem as a whole and of its purts 

4. To familiarize pe reonnel with a svstem or a situation whieh 
may not exist as vet in real life 

1 a new idea, a new system or approach, 
in other words, quantify the risks and benefit, and denon 


strate the chances of success 


Now, let's take a look a little deeper behind this ques- 
tion, “Why stemulate?”. What are some of the specific 
wivantages which are not so apparent when one tries to 
generalize. Well, first of all, simulating a system enables 
one to compress or expand real time. In other words, a 
business man can simulate a year of his operation im a, 
matter of minutes or he can slow down the process so that 
he can, like a slow motion film, analyze just what is 
going on his problem areas. We are trying to alert 
the manager to the fact that here, for the first time, he 
is going to have a laboratory which enables him to ana- 
lvze bis business and look at it either in) slow motion 
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or in high speed. The second advantage is a tremendous 
one, because it’s at the heart of the business man’s need 
to plan and forecast. He can, with system simulation, 
look before he leaps and test his ideas and changes in 
wdvanee. The results of a year’s operation under dif- 
ferent assumptions can be his in a matter of hours. Tied 
in With this is the fact that in many cases it is impossible, 
Hopractical or uneconomical to try many management 
ideas today because of the disruption or cost involved in 
changing going operation, 

Now, speaking to the Industrial Engineers, you gentle- 
men have set forth your goal of becoming the system 
designers of the future. If so, you must help devise methods 
of testing those designs someplace else than on the pro- 
duction floor. The trial and error method of testing system 
changes, in most cases, is too costly or impractical. The 
complexity of the seheduling process alone in most in- 
dustries today demands the development of a means to 
sunulate the over-all operation. So to you this field of 
system simulation may well represent your laboratory 
for developing and testing management and industrial 
SVstetiis. 

We who have participated in this Symposium have 
shared some real experiences, and we are enthusiastic 
about the future of this field. Tlowever, no one is more 
aware than we are of the many problems that lie ahead. 
System simulation is no cure all, neither does it give any 
magic answers; it is a tool, a management tool, and like 


all tools, what it produces depends on the user. Also, let 
me assure those who may feel the water is too deep that 
the concept is far more important than any of the tech- 
niques involved. The field requires imagination and a 
down-to-earth grasp of how business and systems operate 
as a whole. 

It is the consensus of the participants that we should 
follow this Symposium with others dealing with certain 
major projects in the field and talking more about the 
methodology and the principles which can then be passed 
on to other people entering it. There are many areas 
requiring research and several efforts which require sup- 
port and recognition. This we will try to do. Also, we feel 
there is a need for the practitioners in this field to com- 
municate more in management's language. After all, 
they're the customer. 

1 would like to express our appreciation, and those of 
the Symposium participants, to the Fighth Annual Con 
ference of the ALLE for so graciously hosting this Sym- 
Posturn and especially to John Arwood for his skillful 
handling of all the arrangements. Thanks, too, from the 
Steering Committee, to each of the participants who se 
freely gave of their time and knowledge. 

This ends my brief report to you. A research report on 
the Symposium will be available at the end of the year 
Copies may be obtained at $1.75 each, from ATT Tene- 
quarters, 145 N. Tigh St., Columbus, Ohio, or from the 
other sponsoring organizations. 


BARNES’ New 4th Edition 
MOTION AND TIME STUDY 


By Racen M. Barnes, Professor of Engineering and Production 
Management, University of California, Los Angeles 


This sound, authoritative work offers a clear presentation 
winciples, augmented by practical tllustrations, cases, 
problems drawn from the author's vast industrial ex- 
perience. The new edition offers you features such as these: 


The latest theory and practice drawn from ob- 
servation of the country $s most progressive industrial 
practice in this field. Periodic surveys (the latest com- 
pleted in 1957) were the source of many tmely case 
examples. Over 100 companies have — informa- 
tion about their programs and methods 


Complete coverage of work sampling Includes 
the results of the recently completed UCLA research 
on work sampling for measuring work the very best 
methods, in concise form, together with compliment 
ing charts and tables 


Important background information on elec- 


tronic data processing equipment [his ts the only 
hook in the field to treat the automatic recording of 
the performance of machines and process equipment 
Ie includes illustrations of the equipment, and de- 
scribes their proper use for time study work 


All known systems of motion data are outlined 
in tabular form, giving dates of first use of cach sys 
tem, who developed the system, how the data were 
obtained, and references to the most complete descrip 
tion of the system In addition, four systems are 
described in detail, with tables of complete data 


New material on developments in the industrial 
use of pulse rate as an index of physical activity, up 
to-date statistical procedures in time study, auditing 
of methods, time standards, and wage incentive plans 


New illustrations both halftones and line cuts 
to help you save time and motion 


Ready in January Approx. 670 pages 
JOHN WILEY & SONS, INC., 440 Fourth Ave., New York 16,N. Y. 
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The Role of the Industrial Engineer in 
Systems Design and Improvement 


— By Arthur D. Even 


Pilot and Ordnance Consultant, Inteqrated Engineering Data Processing Suate 


lirdnance Taal 


In adopting the current definition of [Industrial 
neering, this Society has officially recognized the important 
role of the Industrial Engineer in the field of systems design 
and provement. This discussion is concerned with that 
portion of systems technology covering engineering records 
and data processing. Fortunately for the Industrial kngi- 
meer, this field almost untouched. Most) engineering 
operations no matter how large are still using the engi 
neermy drawings and records famuliar to our forefathers 
However, today there are a few teams in Industry and 
Gaovernment who are developing the necessary technology 
lor the data processing of lomorrow. 

War and waste have long been associated with each 
other, and itis trae that the engineering operations of the 
Military are exposed to more drastic 
changes in volume than are toost commercial organizations. 
ln the case of manual systems, these vartitions volume 
are expensive and somewhat wasteful, Batthng backlogs 
a work with large numbers of inexperenced personnel 
and long hours of overtime are mevitably followed by 
losses of highly expernenced and valuable personnel during 
the stall reductions of peacetime. And during “cold war” 
periods, people can be either overworked or underworked 
as programs change To remedy this condition, the top 
management of Tank Automotive Ordnanee mitited, om 
M054, a long range modernization program with a view 
foward balding a svstem sufficiently flexible to cope with 
extreme variations in volume while operating at all times 
with small, efficrent staff oa real Industral Kogineerng 
challenge. The first year and a half were spent ina thorough 
analysis of the manual system, a geview of the work that 
others had done, a detailed study’ of the actual needs of 
various organizational clements and the manner im which 
these requirements could be best satisfied, the documenta- 
tion in book form of the analyses and studies, discussion 
with various equipment suppliers, and finally the prepara 
tion and subsoittal of the necessary justification for a new 
system to higher authority. This proposed system was 
approved and established as an Ordnance Corps Pilot 
Project in order to concentrate the effort: developing 
and testing a system which could be used by the entire 
Corps. This has become a four phase program, as indicated 
in Figure 1, involving hundred» of engineering personnel, 
working with millions of records and decentralized around 
the globe. 
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Automotive Command Army 


Phase I 

Phase [ primarily consists of the use of punched ecards, 
punched paper tape, and microfilm in such a manner as to 
eliminate the manual processing and handling of certam 
records and documents, and to provide for the more eco- 
nomical printing, storage, and transmission of copies of 
drawings and supporting documentation. An important 
element is the Drawing Record Card, shown in Figure 2, 
Which replaces three documents of the old system an an 
tiquated type of book record, a full size print of the drawing 
and amicrofilm having four times the area of the new. In 
widition, the filmi this card can be enlarged using high 
speed Processes, oF used to make copies rates typ 
ward of 1500 per hour, The punched ecard feature allows 
for the mechanical searching and filing of the card to 
satisfy demands for prints and for replacing out-of-date 
revisions. Possible savings, in terms of reduced material. 
handling costs and transportation, are also enormous. In 
dheative of the Industrial lengineering nature of the sy- 
tems design, is the division of the active Drawing Record 
Card file into two sequences high usage for mechanien! 
handling and normal usage for manual handling. [In this 
manner the amount of equipment and the overall process 
ing times are reduced to a practical minimum, Also, a two 
deck operation permits bateh type processing in the one 
deck and random access mn the other, thus reducing the 
unit cost of the longer lend time items while still giving 
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rapid service to those who must have drawing data on 
short notice 

Phase also meludes the typing of the engimeermg parts 
list on an electric typewriter which is capable of simulta 
neously typing, reading punched paper program tape, and 
yenerating this type of tape. The unchanged portion of 
the list can be retyped from the program tape automuats 
cally at TLIO words per minute. The typed lists are filmed 
and placed in eards, as are the drawings. The punched 
paper tape, recenved as a by-product of the typing, is used 
lor two other purposes. First, it exploded in a tape-to- 
ecard te get the Usage Loentron Index, a baste 
record whieh medteates im which assemblies 
the various parts are used. And second, this ecard is then 
reproduced into the Exploded Deek Follower Card (same 
data but a different format) as a tool for determining 
assembly component drawing requirements and for pro 


chicing curds for svstem pout 


Phase If 


Phase joie two mayor efforts. The first consists of 
providing the standardization engineers with muerofilm 
copies of drawings mounted in punched cards and property 
coded to aid in reducing drawing search time. The seeond 
contemplates an improvement inp the present manually- 
posted part number mterchangeability file. Tere agai, 
itis deseribed to reduce search time and also to speed 


ol diate 


Phase 


‘Thus isa little more difficult to explain as it wall 
mvolve a tore comprehensive mechanized liaison between 
the central enganeermg data repository and the various 
contractor engineering facilities. It is intended, during 


this pliase, to continue efforts to standardize record 
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keeping aml data processing documents and to inprove 
data transmission generally. This will undoubtedly melude 
television, high-speed) printing equipment, 
transeenvers, and any other such equipment whieh enn 
be economically used to mmprove service within the enge 


neermg orbut 


Phase IV 


‘This portion of the program is concerned primanly with 
the rapid handling of those engineering records contaming 
multiple variables. In this category are the part, model 
drawing, and engineering order number relationships whieh 
ure so for engineering control and for contretual 
purposes. Because of the nature and volume of the data, 
a straight punched card system has been determined to be 
At the present time, it appears that random 
aceess, electrome equipment will eventually be adapted 
in this area. Another possible improvement bemg observed 
with «a great deal of interest imvolves that) extremely 
interesting combanation on a single film of the and 
means of eleetrome sorting of films at extremely high 


speeds 


Present Phase 


Now that the entire seope of the program has been 
mentioned, it might be well to take a closer look at the 
present portion of the program  Vhase In order te 
quickly achieve the anticipated drastic reductions in proe 
central repository and to unprove the drawing quality, 
records, amd general data transtiussion, it is necessary 
that existing manial records be converted a= rapydly ae 
possible. And, itis recognized that only through filming the 
orginal drawing leu of copies can the best be 
secured, existing drawing quality measured, amd 
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taken to provide the necessary drawing rehabilitation. In 
order to film the maximum number of original drawings, 
microfilming is bemg decentralized to twelve stations, 
each of these capable of filming at least one thousand 
drawings per day. All exposed film is forwarded daily to 
a single processing station and returned immediately to the 
central repository for preparation of the aperture cards 
and for mounting of the film therein. 


Programming Input 


Here, as in other manufacturing operations, the manner 
and order in which work is to be done is of interest to the 
Industrial bengineer, because the mechanical-clectronic 
system requires that much care be devoted to establishing 
work flow on a formal, documented routine basis to assure 
the maximum utilization of equipment and the higher 
priced personnel. In this system, there are two kinds of 
input engineering parts lists and drawings. Figure 3% 
lustrates the engineering parts list input processing flow, 
beginning with the actual typing of the list and ending 
with the filing and distribution of the finished cards. 
Drawing data input is almost identical to the routine 
covered by the lower portion of this chart beginning with 
the filming of the hard copy of the engineering parts list. 


Programming Output 


Although this project is still basically in the input stage 
of Phase 1, the routines for output have been worked out. 
This has been necessary in order to assure that the re- 
quired imput information is placed in the system in a form 
usuble for output. Figure 4 illustrates the flow of the 


drawing output routine. Again this is even more interesting 
to the Industrial Engineer, because at this point the 
comparison between manufacturing in the factory and 
production in the office becomes more noticeable. Output 
is much more complicated than input, because a whole 
complex of variables is encountered. For example, if a 
customer requisitions a drawing by part mumber, this 
number must be converted to a number which is meaning- 
ful to the system —the drawing number as quickly a- 
possible. If the demand requires component or reference 
prints, in addition to the print of the item itself, means 
must be available for rapidly determining which of these 
additional prints of drawings must be supplied. In other 
words, the assembly must be exploded into components 
just as is required for the physical manufacture of the 
assembly. 

Film legibility will often determine the method of 
handling the demand. In some instances the drawing will be 
on record but will not have an adequate microfilm, or the 
drawing may not be available in any form. In these cases, 
it is necessary to route the demand through the exception 
process (old manual system) in order to secure the drawing 
and to provide the best) print possible. Then also, the 
customer’s choice of reproduction type must be considered. 
In some cases the requisitioning activity will be geared to 
the handling of film and will prefer this medium. In other 
cases, enlargements will be desired. Each type of reproduc- 
tion takes a different series of processes. In addition, the 
former requires the preparation of a punched card prior to 
reproduction. In each case the actual master film card will 


be used to service the demand. 
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Getting back to the exception process, this system will 
operate only upon transfer of the demand from the stand- 
ard system. Action will be initiated by the receipt of a 
demand card plus certain other documents. Additionally, 
the exception process will also have access to the exploded 
decks and other processes of the standard system. On this 
basis, it ean readily be seen that the output of the organiza- 
tion will be controlled in such @ manner as to supply the 
best product, in the most economical manner, and in the 


shortest time. 


Additional Process Information 


In addition to the general flow charts previously (lis- 
cussed, the complete Industrial Engineering procedural 
package for each job or task will include detailed flow 
charts, as shown in Figure 5, and the same information 
regardmg raw material, the finished product, and set up 
and operational instructions for each machine-clerical 
operation as are required for other manufacturing opera- 
tions. Also, each job will be formally scheduled and 
machine loads tabulated. As the nature of the system 
requires that the data in the system be current, it) be 
intended that there be no backlog in the system. This 
requires accurate production data requirements so that 
additional machine time ean be borrowed from other organ- 
izations, a second shift activated, or necessary overtime 
scheduled. For the people responsible, bringing production 
techniques to the office is a welcome relief from the semi 
controlled conditions prevalent im the large manual 
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Reference Data Required 


From the previous discussion and illustrations, it can 
be readily seen that the new system will operate at maxt- 
mum effectiveness only when the major portion of the 
work can be programmed, scheduled, and processed 
through the complete production routine. As soon as a 
job, orany portion ol it, Is moved into the except PROC 
fold system) it is susceptible to the same delays and 
reduced productivity of a manual + tem. A possible 
exception will be improved processing, based on utilization 
of certain tools of the new system, such as punched ecard 
charge outs, reproduction requests and listings as pre 
viously mentioned, About the best way to maximize use 
of the high speed system, and minimize routing into the 
exception, is to have all necessary data available and be 
able to use it. This means that, in addition to the necessary 
machine time and personnel, it is essential that provision 
be made for interpreting all demands into language which 
is meaningful to the system. For example, demands from 
overseas stations for prints of drawings usually are iden 
tified’ by the service activity’s stock number. bngineering, 
on the other hand, has not recognized the stock muniber 
but has spoken only in terms of drawing and part numbers 
‘To bridge this gap in system language, it has been conver 
tional in the past for engineering to request of the service 
activity of the hemlquarters, all of the known part number 
earned as references agamest the stock number This 
ustially involves the manual writing of from one to filty 
numbers and/or symbols to identify the organizations 
concerned. Engineering then checks the part number and 
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CONSOLIDATED FLOW-OPERATIONAL CHART 
CARD PUNCH OPERATOR 


Removes first segment of source document 
file. 


Reviews first card. 


Prepares program card in duplicate, per 


Process Sheet G1-B1. 
Places one program card on Drum. 


Holds second card for future transmittal to 
Verifier Operator. 


Punches one card for each source document, 
completing one segment of cards at a time, 
per Frocess Sheet G1-82. 


Assembles source documents, cross reference 
cards, and verifier program card. 


Sends to Verifier Operator (Frogram card 
forwarded with first batch). 


VERIFIER OPERATOR 


Places program card, received from Card 
Punch Operator, ON Verifier program drum. 


Verifies cross reference cards versus source 
documents per Process Sheet G1-B}3. 


Reassembles source documents in file and 


returns. 


Forwards cross reference cards to Processing 
System Equipment Operator. 


Procedure No. G1 
5S April 1957 
Chart G1-Al 
Sheet 1 


Source 
DOCUMENT 


FOR 


CARD PUNCH 


FROM 


CARD PUNCH 
OPERATOR 
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drawing tiles, hy commercial, “an 
te locate a drawing. if the new 
Is allowed to operate on this basis, a high percentage of 
demands would coreulate through this mvolved process, 
Dherefore, it was decided to build a stock mumber to 
drawing mumber file, in order to identify the necessary 
drawings trom: the stoek muniber. This is just one example 
ofa tool recognized by the Dndustrial as necessary 


for uninterrupted flow of work through the svstem 


sage Sequences 


ln addition to observing the need for two separate decks 
of identical drawing record ecards to permit economical 
bateh from one While at the same time sers 
short) lened-tine on basis from 
the other. Todustrial Engineering has reeognized that 
equipment-tine limitations will make it necessary to 
restriet the mechanent! refiling of cards to 
these havinw bigh usage. Therefore, the current drawing 
res ord ‘ ard- te be carried mare thie 
test aetive in the high usage sequence and the balance 
the usage sequence. \ecumulated demands can 
be toatehed agaiest the hugh usage drawing 
record ecards amd mechanically collated. Those not so 
can be handpicked from the normal usage file or 
the This entire area of file control, with 
om enrd pores ules interesting 


challenge to the 


Reproduction 


Whieh this svstem iflerent 
cot ecard ~Vstems is that of reproduction 
anoaren aotil recently, lias been pretty well geared 
ter thee of the past ‘Texlav the drawing, 
Whiel used to be considered acceptable it tamtly discernible 
data could be captured on a blueprint, must 
baer ole taking its itt biigehs spood data 
eveles ol is Whole bor 
thie new sy first copy 
of the drawing ts oa filo negative, the seeond generation 
cop be any number ol types of reproduction -dry or wet 
process film copies or enlargements. These second genera 
trons, paper contact prots. Determination of 
three lity cost combination to meet specie 
conditions the hind of work which the-lodustral 
every diay ‘Thus reproduction ollers special 
epportiinities flor of the 
«ol and the rapidly 


ten 


Approaching Systems Design 


The svstem: designer, im addition to developing new 
be prepared to «dle ~nnething new 
organizational structure possthle plans for replace 


rent of all puart of the old It tole 
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in the space allotted to give a completely detailed, step by 
step account of the actions to be taken. Llowever, it ean 
be assumed that all or most of the following baste actions 


ill required 


Selection of one of more to make the study (The 
effort can often be speeded if comsulting services ate emploved 

2.) Advice to the operating organization of the purpose of the 
study and introduemg of the survey team to the stpervieeary 
personnel of the operating organization 

4. Review of the operatiron, mveluding the gatherimg of a 
complete of t bre fortis tilled 
orders of varying degrees of complexity), organization charts, 
operation mantials, work logs, performance figures, peronnel 
strengths, and any other information necessary to pdveate the 
nature and volume of the work the size 
staff emplovedt, the type size of operating ares the ty jue 
wdequacy of the equipment, and any other facets relevant te the 

Organization of data inte a book of manual desenting the 
nature of the baste work, the order of flow, the organization ele 
ments concerned, the baste forte used ce w hat 
regarding drawing numbers, the preparation of the engineering 
release, thie recording drawings ated all essential reference files 
used on the | 
5 Study of other more advwaneed having stmular of 
related elements of scope aod 

of the old «vstem clisetisstig woth her EV 
7. of plane with equipment 

Seleetron of the final plan amd preparation of pustihent 
Wheat ts te be clame, tts on present operation, its 
vivantages in tertm of the 
cost of operation and equipment. peronnel and space 

«\ stem (after the 
lhsign of necessary card= and forte. the of 
material, the securtng of alloeut pete 

Development of the neeessary organizational «troeture 
neeessary pols amd te of 
sel rating 

nel both tm terms of locating existing 
new to the 

12) Implementation of the neeessary beginning with 
formal sehoolng and carrying tute the pols trang 

Preparation of the peren eclures for the flaw of the 
work through the «\ «tem. necessary chart~ and 
programming and operatiog thet 

It) Progressive set up of the work area upon receipt of neces 
“ary necording ter predetermined bony ental 

1S. Set up of necessary reference maternal and comversvon of 
required old data (e go old of cared ty per ree 
ords) to for the new 

1) Beginning palot rons of data inte the new «\ «tem 

17) Mewiifieation of elements ax recurred the 

IS) Provistons for assuring that and of data 
are properly synchromzed between the old and new «\ «tere 

Coracual out of the old operation mm faver of the 
new (eg, discontinuing of posting of new and reviewed drawing 
data inte the old books and card= amd mark senee programming 
titers the new «vatem 

of equipment, reeord maternal, space, and peron 
teen required 


210 Completion of necessary procedural documentation, offetal 
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order: and inetructions, clearly explaining the new organization 


with the old Of necessary 


Organization 


previotisly mentioned, a tajyor clement inthis system 
design has concerned organization. After necessary study, 
it wae decided that the new «vstem could not be built on 
the old concept of the functional machine room where all 
ae conminting machine work would be dome a 
reyular tabulating room, and all drawing-enginecring 
parts list reproduction in the conventional reproduction 
room. Tustemd, the new «vetem recognized the need for an 
mtegrated effort the of incoming and outgoing 
work. was deeded to place all mcoming work in an input 
“ection amd all im oan section. This 
organizational concept was adopted to mininize the trans- 
fer af work between supervisory areas, and through the 
elintnation of these barner, to perform more useful work 
With less personnel 

Qinee that the basic organizational idea was adopted, a 
complete mission statenvent was developed, and a proposed 
manning table, ineluding quantity of personnel for each 
job) established: This personnel allocation between the 
Data Input, Data Storage, and Data Output Section 
reflected the personnel requirements submitted to top 
management in the propect justifieation. Another iter 
esting feature of the organization plan was the melusion of 
two technical staff assistants one for systems technology 
and the other for graphic reproduction technology — re 
porting directly to the Chief of the Integrated Engineering 
Data Processing Braneh. This line and staff concept was 
beheved necessaty if the new operation was to continue 
to develop and to adopt the latest of systems and reproduce. 
fron methods and equipment. In addition, the positions of 
Junior and Senor Programmer were established in order 
to have available personnel who were capable of planning 
nid following work mm and out of the system. Another 
mteresting clement involved the establishment of the 
position of general purpose machine operator. Tere it 
was beleved that the general flexibility objectives of the 
program could be better met if electric accounting machine 
skills were added to those of the present reproduction 
operators. This made it possible to retrain the maximum 
number of the existing staff and reduce the number of 
replaced personnel to a minimum. All of these pomts 
mentioned mvolved heavy reliance on Industrial 
neerng to assure that the new activity was organized for 


performance 


Personnel and Training 

After the personnel needs were officially reeagnized by 
the approval of the manning table, it was necessary to 
take ano mventory of the staff to determine which people 
had the background, experience, and capability necessary 
to operate the new system and to assimilate the required 
training. Although much of this review mvolved formal 
testing, a great deal of this information was acquired in 
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discussions with personnel in conference sessions scheduled 
for enlisting the support of the people and allaying their 
fears as to the possible impact of changes on their jobs and 
work lives. During these discussions, the scope of the 
program, effeet on the old system, type of work, method 
of aptitude testing, method of selection for tramimng, poss1- 
bilities for advancement, manner and magnitude of staff 
reductions, suerificees terms of schooling, additional 
supervisory loads, and the like, were explained. Fortu 
nately, because the operating personnel were convinced 
that the implementation of the new system and the 
phrasing out of portions of the old were to be done according 
toa fair plan whieh recognized that employees were human 
beings who not only had personal feelings but also skill, 
knowledge, and training which the employer was reluctant 
to lowe, the people gave tremendous support to the pro- 
gram. After a long series of tests, people were nominated 
for schooling based on a plan of qualification. 

At this point it might be well to mention that because the 
system change was to be evolutionary rather than revolu- 
tionary, and as the new system did not contemplate lOO 
replacement of the old one, such factors as age of personnel, 
general adaptability to new conditions, personal preference 
for type of work, the mygors of learning new things, the 
needs of the old system for effective operation, and the 
Intense competition for certamn jobs in the new operation 
were considered, The tramimng plan also had to recognize 
the availalnlity of tramung faciitres and the need for a 
schedule which would bring people into the new system 
at the proper time. During this pernod, an experenced 
tabulating machine room supervisor was acquired and 
indoctrinated in the new system. [le then began to oversee 
the tramimng and to assist in developing the necessary 
electric accounting machine operating procedures. 

Virtually all of this initial training was done without 
benefit of equipment on the premises, because of long 
equipment delivery lead tines and reluetanee to pay 
monthly rental for idle machines, Onee the machines were 
received, on-the-job tramung began, After suffierent 
length of time, performance was measured against estab 
lished standards and necessary steps were taken to meet 
or exceed these standards. [tis not mtended to or 
to mfer that the job of rebuilding an activity is easv. On 
the other hand, the job is not so diffieult that the Tndu- 
trial kengineer should not take the time and effort to meet 
hix moral responsibility to people currently on the as 
suggested by that outstanding Industrial Ds 
Lillian Galbreth, in her visit to Detroit some months age 


Work Simplification 


During a long-range program such as this, the Industrial 
hingineer must chart a course which will satisfiv the main 
objective of the program -a new system plan within a 
reasonable length of time. Tlowever, during the course of 
this work it appears inevitable that the need for certaim 
changes m the old system will be required. In this case, 
itis necessary to decide if a diversion to miprove the old 
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Warranted. Tn some cases an momediate benetit 
can be realized and the carried tte the new 
“Vsteni bor inh one tnstunee a bottlh neck was 
broken, unit labor expenditure was reduced by 75° im 
one aren, cand) sone counterparts of mechament! 
tools of the new svstem were introduced simultaneously, 
This expenditure of time and the sight delay im forming 
up the new svstem plan were considered justified im this 


personnel the mew net hed 


Selling the System 


The ole remark the worth ol 
Which can’t be sold also applies to svstemes engineering. In 
this case, a baste plan was developed which was believed 
to be feasible and whieh could be justified on the basis of 
service and reduced cost. [Tt was necessary to 
present these facts in such a nianner that they would stand 
of higher level authorzing and controlling 
ities. Therefore, a littheextra effort was put into the writter 
doctumentation than is normally developed for an engi 
neering presentation bortunately, this Wits 


nverably recenved, and later reeenved wide distribution 


hevond the initiating organization. is beheved that 
effectiveness of the presentation had some bear on the 
fact that the program was designated a Pilot Lostallation 
At various times in the lite of a large project, it is neces 
<ury that appropriate graphie materials, in the form of 
charts, slides, and handouts, be available for brveting, 
indoctrination, and traming. The figures previously shown 
in this article have been taken from the presentation mate 
rial developed for this program, 


Conclusion 


It is believed that the renovation of this engineering 
records-data processing system, and other simular proneer 
ing efforts in this field, are just the beginning of a trend 
toward the modernization of the large engineering opern 
tions of Industry and Government. The Industrial big 
neer because of his professional traming and background 
is ideally equipped to recognize the need for improvement 
and to develop the required system. As a participating 
member of the improvement team, he will find almost 
unlimited opportunity for expanding his knowledge and 
the scope of his operation. [nose doing be will expose him 
to those job opportunities and sati-faetions available 


to those whe contrbute to 


The Industrial kingineer in Government 


By Frank T. Geyer 


Cha:rman. Committee on Government Operations Tomei 


This is the final report of the Committee for 
of bngineers during the Board of 


of Oetober 1956. 


Basis for Appointment 


The President recemed from the membership 
outside the organization expressing a 
desire to Know toore about how the Federal Government 
Was the of the professional Industrial 
yineer The ievestigations of the various task groups 
the Tloover had uneovered many 
areas bederal Gavernment that) were inherently re 
ceptive to the appheation of the principles of rial 
The were ecurtous about the real 
and defiative implementation resulting from the recom, 
mendations of the fact fiedi committees. To the Indus- 
trial engineer the objeetive appheation of the principles 
of fidustrial to the Government operations 
bey thie tent uetive affiliation 7) 
professional with the different Fed 


eral agencies. This report was written with the objective 
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of answermg the related questions not trom 


viewport but as an informative report to the 


Background for Federal Service 


The signing of the Civil Servier Act by President Che 
ter A. Arthur on January 16, DSS, established the prim 
ciple that persons appomted to Government career post 
tions should be selected on the basim of ment. At that tine 
the number of Federal emplovees was 14,800. Compare 
this total with the 2,000,000 persons presently employed 
in Government work all over the world. The bederal Cro 
ernment is the largest single employer, The accelerating 
demands of ever mereasing population and growing 
complexity of the economy has resulted im unparaileled 
demand for puble service and higher om 
bederal Government. The fluctuation of Federal employ 
ment during National crises is immense. Belore the 
highest employvinent was penk of 9.7 56,000 
from pree« release bby Civil Service 


commemorating 7ith Anmversary of the of the Crvel 
Service Act of January 16, 
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was reached in World War IL. Employment dropped to 
2.000.000 before the Ihorean action and rose again to 
over 2,006,000 during the Korean emergency. 

There are more than 70 departments and agencies of 
Which the Commission of Fine Arts is the smallest: with 
three employees and the Department of Defense is the 
largest with «a 1000000 einvilian staff stationed in all 
parts «ol the United States and well as in 
most foreign countries. One fourth of the total Govern 
ment employees are responsible for postal service. Veter- 
ans Administration has exght percent. Twenty-one percent 
serve a multitude of agencies that also help to maintain 
the Amencan way of life. The work of the Federal em- 
ployee affects every phase of the American seene from 
meome taxes to narcotie drug control, atomic energy re- 
search to forest conservation. These are but a few of the 
diversfications of Federal activity. 

bederal employment open to United States citizens 
under the Civil Servier Act. Competitive examinations 
establish lists of suecessfil applicants by job designation 
Positions are filled by selecting among those graded high. 
esto the examinations. Only 10% of Federal jobs were 
eovered by the Act im DSSS. Today approximately 85° 
are ineluded for all positions, with ninety-one percent 
bene eluded for those located in the continental United 
States In 1950 the competitive Civil Servier became 
world wide by the ielusion of 20,000 jobs held by Amer 
ean ertizens in foreggn countries and possessions. Alaskan 
jolos numbernny were also meluded in 1955 

Some of the Federal positions are under a separate merit 
svstem. The Foregn Service of the Department of State 
has 15,000 employees in this category. The Department of 
and Surgery of the Veterans Administration 
has 2O.000 and the Federal Bureau of Divestigation has 
11100 employees in the same class. The Tennessee Valley 
Authority employees have a separate merit: system alse 
There are persons ineluded 

The Civil Service Commission excepts three classes of 
bederal yobs from the merit system. These jobs are known 
ts Sehedules A, 43, and C. Those in Sehedule A are posi 
tions for which it is impracticn! to hold any examination 
These inelude foreygn posts, chaplains, professional and 
technical experts to be used for temporary consulting 
PUT Jobs in this class number 237 000. Sched. 
ule Bois for positions for which competitive examinations 
are tmpractical but for which non-competitive examina 
lions are given. There are 1,800 of these positions. Sched 
ule © lists those positions in policy making levels for 
politically appomted heads of agencies operating in more 
or less confidential capacity. These may be expected to 
change with each change in administration and examina 
lions are not given. There are 1200 of these positions in 
Schedule 

The ment system as established by the Civil Service 
Act guarantees the aspirant or career Civil Service worker 
protection against discrimination as to race, relyzion, 
national orwin, political spoils system, or rendering 
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political service or tribute in order to retain his job. It 
further guarantees to the citizen who is not a Federal 
employee that his Government ix administered with the 
best qualified available people of high standards of per- 
sonal and moral conduct and competence. The assassina- 
tion of President Garfield in 1881 brought home the evils 
of the spoils system and directly focused the public atten- 
tion to the need of legislative purification of Federal Civil 
Service controls. The fall elections of ISS2 were fought out 
on the issues of the Civil Service Act. When the Congress 
met, the first business was the passage of the Act. Several 
years later the Internal Revenue Service came under the 
Act with renewed public confidence resulting therefrom 
Since its founding the Civil Service system has been 
markedly free from criticism and has acted in the best 
interest of the people. President Roosevelt made the ob- 
servation in 1906 that observance of the spit and letter 
of Civil Service law is one of the first indices of a clean, 
decent, efficient government. President Eisenhower also 
reaffirmed this principle in 1956 when he said, “Nowhere 
in the world have T met more efficieney, more dedication, 
more readiness to serve and to put in hours on end with 
out counting them on the elock, than T have among the 


Service.’ 


Government and the Industrial kugineer’ 


The Industrial kngineer, as does every man every 
walk of life, has the problem of starting his productive 
life in the right position, to make the correct: choice of 
muployer so as to obtain what he alone expects out of the 
job he chooses, in terms of ambition and qualification 
As an engineer the desire to create a useful and beneficial 
way of life is close to the top of his desires as a professional 
man. In choosing between Federal and private employ 
ment the young Industrial Engineer is taced with the 
problem of disparity in the starting salarv. The Federal 
(aovernment is nevertheless the largest) single employer 
of engineers and serentists. The 19054 figures show 45,000 
professional engineers in’ Federal service covering 40 
recognized professional engineering specialties. The lead- 
ing divisions were electreal, civil, mechanical, general, 
construction, bvdraulies, ordnance, naval, and chemical 
Also listed were design, structural, aeronautical, tmdus 
trial, agricultural, matenals, marine, highway, and satety 
engineering. The most heavily populated was electrical 
and eleetrome with 53820 engineers. The least was light 
house engineering with three professional engineers. The 
Government employs ten percent of the engineers and 
screntists of the nation. Four departments employ ninety 
percent of all Government engineering personnel De 
partment of Defense, Department of Commerce, Depart 
ment of the Interior, and Department of Agriculture 
The Department of Defense accounts for sixty-seven and 
one half percent of the total emploved. 


* News Release USCSC 16 Jan S57 Address by Philip Young 


Ch USCSC. “The Engineer in Federal Service" 
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The continuing expansion of the Government scientific 
and technieal programs has created an ever increasing 
demand for engineers and scientists. The White House 
Committee on Engineers and Seientists is studving the 
utilization of the techmieal manpower inp Government 
programs. Members of this committee are drawn from 
the top business, scrntifie, amd Crovernment hgures. 
The funetion of the committee is to advise the President 
of the United States of the most economical waves in Which 
to use or to apportion the serentifie and technical man- 
power of the Natron. Aetion composed of 
tent technicians carry on intensive work in fields of re 
cruitment, pay, use, employee attitudes, fringe benefits, 
turnever, numbers, kinds and levels of engineers in Govern- 
ment. bach finding ts compared with experence in private 
employment practices. The results attamed by the groups 
are consolidated and reported to the Steering Committee. 
In turn the recommendations of the Steering Committee 
are given the President for administrative and legislative 
action on the basis of a coordinated executive branch 


approach to the problem. 


The Salary Question 

The starting salaries offered by the Government to the 
young engineer for certain positions can be less than offered 
by private employers. This is caused somewhat by legisla- 
tive lag and inflationary tendencies outside the Govern 

The need for periodie wage and salary review for tech 
nieal positions is recognized by the Government. Revised 
pay schedules developed by fact finding teams are studied 
and evaluated. When adjusted to the budget factor a con- 
lirmatory review is made of wage practices private 
industry and a classification-grade pay seale is set. It is 
debated through both Tlouses of Congress and upon pas- 
sage os referred to the President for signing mto law 
[pon ratification the Civil Serviee Commission issues the 
necessary administrative instructions for effeeting the 
new senale. In the interim the economic aspect of the Na 
fiom may bave changed from that on which the orgimal 
revision Was based 

The Civil Service wage and salary structure has been 
eritveazed as being too with the pay ceiling too firmly 
hxed and top grades too limited. Action has been taken 
by the Civil Service Conunission to liberalize the authority 
pay above minimum salaries im ertical 
as Well as to obtain substantial inereases in the number of 
supergrade seentifie positions. Currently, the problem 
of holding technical personnel inp Government agaist 
more attractive offers by private industry has been aired 
betore Congress in subcommittee hearmgs. Where Govern 
ment cost renmmbursement contriets are involved, legisla- 
tors have proposed limitations tm contract clauses for 
salaries to be engineers and screntists emploved on 
bederal research and development contracts. Ino certam 


Instanees private mterests, having Government contracts 
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and hiring Government Engineers, advertise the availabil 
ity of positions at the expense of Cravernment 

The following list contains recent legislative actions 
and proposals introduced im recent sessions of Congress 


HK Sith Congress 2nd Session 20 Feb 36, Mer Murray 
Tenn., Inereases number of key positions in NACA te attrnet 
top techmeal talent 

HK 9350 Sith Congress Znd Session 16 Fel) 36. Meo Maurras 
Tenn, Inereases salary of 275 positions in and Ne 
Seeurty to be set by Seeretary of 

Hearings before the Committee on Post Office and Civil Bers 
we TR A compilation of the testimony submitted tn ecanpune 
thon with the abowe bull« 

SSth Cong, Ist Session Jan 57, Miro Moss 
im pay for certain seentihe and professional Civil Servier em 
plovees 

Hit SSth Come. Int Session 14 Jan 57, Mero In 
creases in pay for seentihie and professional employees mm Crvel 
Service 

420 Sist Cong, Ist Sesston Determines grade tn general 
by desenlung duties commensurate with grades im Civil Service 

PL. SSO SIst Cong 2nd Session Postpones Classifieation Net 
of 140 for certain employees of Selective Service System 

PL. S73 Sist Cong, 2nd Session Administration of perform 
anee rating plans for certamn employees of the Federal Crovern 

Vi. Steel Cong, 2nd Sesxston Provides certain employer 
benehits for Civil Service personnel 

OF Stith Cong Ist Sesstonm rate of baste pay fer 
employ eos of Federal Crovernment 

ISS7 and Sith Cong, Sexton Meo Murray, Tenn 
Report on additional serentihe and professtonal 
NSA. aml NACA 

Sith Cong Ch SOM, Sexton, 700 


pay for hends of executive t becleral Chovernment 
Fringe Benefit» 


While pay is one of the most pressing problems dil 
ference between Government and private mdustry the 
area of fringe benefits in Government compares well with 
private practice. Vacation periods in Government a tew 
vears back were more liberal than most private planes 
Presently, annual paid vacations are based on length of 
service, Le. 2 hours per week up to three years serviee, 4 
hours per week from three to fifteen vears service, 4 hours 
per week for over filteen years. Sick leave acerues at rate 
of 2 hours per week regardless of length of servicer and can 
be accumulated year after year of Federal Service, The 
retirement plan is generally considered to be somewhat 
better than most private plans. Six and one half percent 
of gross earnings is deducted for retirement fund. The 
life insurance is as private ‘The 
Federal Government has an incentive award system that 
cash awards to accepted bey 
employees. Medical and hospital msurancee ts nonexistent 
at this time. It is expected that future legislation tor the 
inelusion of some form of hospitalization on the benetet 
package will be provided 

Last year the travel stipend (per diem) was mereased 
to a maximum of twelve dollars per day. Other merensedd 
benefits now beng considered are larger payments of re 
location costs when employees are transferred im the om 
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terest of Government and payment of expenses for attend- 


anee at technical symposiums. 


Conservation of Technical Manpower 


An unportant phase of the technical studies involving 
the economical use of engineers is a part of the manpower 
utilization mnVestigat ions The Manpower problem Is 
that ms close to the heart of the Industral bkingineer and 
one in Which the Industrial kengineer will perform an 
mercasing part in the near future. It has been stated that 
a ten percent maprovement in the use of technical and 
personnel nationwide would more than equal 
the number of engineering graduates from the nation’s 
universities for the year. Within the Federal Government 
tomvolves the assignment of administrative and sub 
professional duties insolar as possible to nonprofessional 
personnel, Paradoxically, the engineer in Government 
has proved that as an admunstrator he is often amazingly 
prohieent. The habit of applying analytical thinking to 
wdimiuustrative problems as he does to technical problems, 
obtuims results. The Civil Service Comission is develop- 
mg a poley of establishing Government wide eriteria im 
the employment of engineers so as to contribute to the 
maxinum productivity of technical personnel. This 
not yet beendully unplemented in practice but much is to 
expected, 

Many private firms consider Government expenence to 
bean asset. The rate of turnover of Government engineers 


supports this attitude. 


Job Sati«faction 


To the engineer a feeling of satisfaction toward his work 
have left Government and private employment because 
they felt a lack of good administration, proper supervision, 
pleasant work environment, challenging projects, stimu 
lating associmtes, room for growth and advancement, 
and personal recognition, will never be known? The o,- 
portant thing that Gaovernment om beginning to recog 
nize these aspects of job satisfaction to a degree never 
before comsidered, The Cordier Committee mvestygations 
on attitudes in Federal Government have shown that 
myuipment, faciities, the ealiber of associates, and fringe 
henetits, are generally thought of as favorable in Govern 
ment. Phe employee feels that traming oppor 


tunities are 


Reeruitment of Engineers 


The Civil Service Commission has authorized new 
approaches to the problem ah attracting engineers to 
hederal Service without depending wholly on the salary 
angle. On the spot appomtments can be made by ageney 
eginecrs acting as recruiters Credit examunations ps 
given for lieenses, honors, membership professional 
IOS, lor other evidences ol professional 
ment. Faster than usual promotions ean be hid hy cnt 
standing candidates and trainees for Chgineering positions 
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The number of supergrades in engineering and serentific 
high level positions have been increased. kitrance salaries 
can be above the minimum established for a grade. Stu 
dent traming programs have been established. Credit: tor 
and tune contmbutions have been made by Cravernment 
agencies to encourage employees to take extra traming 
outside Government. Government cannot compare equally 
with private industry nor can industry compare equally 
with Government in the matter of advantages offered to 
engineers. The two have separate and distinet fields of 
endeavor and functions to perform. 

A bathelor’s degree from an accredited college or 
versity or technical expenence equivalent to a four year 
college curriculum qualifies the appheant engimeer for 
appointment in Grade GS-5 at S4480 per year. Comple- 
tion of a master’s degree or six months professional en- 
gineering experience is required for appomtment to GS-7, 
$5,335 per vear. Advancement to GS-0, per is 
possible after eaghteen months service. After a year in 
engineers are eligible for promotion to GS-11, $7,085 per 
vear. An additional year can bring promotion to Gis-22, 
$7,570 per year. Above minimum grade starting salaries 
are not available in all positions. Advancement is not auto- 
matic. Tt depends upon experience, imereased respons. 
balities, and the occurrence of racancies, Within grade 
creases range from SPE25 annually after 52 weeks service to 
S215 annually after 78 weeks service. Job restoration 
rights are effeet after mulitarv service. 

2 
Hiow to Apply 

Positions are filled by evaluation examinations based on 
experience listed by the apphlieant. Written tests may not 
be required. Examinations are continuous and may be 
tuken at any time. Separate examinations for 
positions may be announced by the central or regional 
offices of the Civil Service Commission or by boards of 
United States Civil Service examiners located im bederal 
agencies throughout the United States. Appleation blanks 
ean be obtamed from Post Offices, Civil Service Commits 


sion, and Regional Offices, 


Creation of Engineering Positions 


When a position within a Government agency indicates 
the need for an Industrial engineer to perform the listed 
duties, the ageney Classification Officer assigned to the 
agency personnel office assists the department head in 
preparing a job description. The classification and grade 
level of the position is set hy reference to job standards 
aus established by the Standards Division, Bureau of Pro 
yrams and Standards, Civil Service Commission, Washing 
ten 2h. CC 
Office may be requested if the job is new or suitable gen 


Assistance of the Civil Service Regional 


eral deseription of duties does not exist. The Regional 
Office may also refer to the Civil Service Comunission for 
assistance in establishing classes and grade of a new posi- 
tion. Some agencies apply directly to the Civil Service 
Commission for assistance in filling speeitic positions, 
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\dministrative eriteria consistent with the laws ratified 
hy (ongress and affecting emplovinent of ure 
developed in the Natural Serenee, and Legal 
Section, Stall and Pohey Group, Civil Service Commus- 
son. The Civil Service Regional Offices maintam lists of 
eligibles by engineermg job title registers. Names of sue- 
cessiul applicants are added to these lists. Agencies select 
prospective Engineers from the lists. When the position 
is urgent and in the absence of eligibles through exhaustion 
of registers, positions may be filled by the ageney directly 
hiring the employee on a temporary indefinite status. The 
employee has the opportunity of gaining permanent status 
by taking the specific job examination when it is given. 

The Civil Service Commission decentralized as far as 
possible the hiring of personnel for vacancies to the agen- 
ees. The Regional Offices administer and grade the exami- 
nations. Successful appleants are listed in order of their 
eXatiination grades on the registers. The Natural Seience, 
and Legal Section, Civil Service Commission 
recently completed general deseriptions for Mechanical 
and Chenucal At this time a comprehensive 
deseription is being prepared for. Eleetrieal lngineers. 
It is that all entegories of the ring protes- 
ston will be the subjpeet of general job deseriptions to be 
prepared by the Civil Service Commission in the near 
future. Agencies and Regional Offices are subjeet to pert- 
odie field checks performed by teams from the Civil 
Servier Commission to msure adherence to class and grade 
limitations as established bry 

Industrial has been assigned the group 
and series classification number GS-S06. lngineers were 
formerly listed as professionals with the prefix letter P 
as a part oof the group classification number. bxcessive 
restrictions experienced in hiring professional personnel 
tor this elussifeation caused its elimination shortly helore 
the Korean War. The letters GS for General Schedule 
were substituted therefor, Hourly paid employees have the 
prefix WE, te. Wage Board, before their group classifien- 


The Government Industrial Engineer on the Job 


The inereasing complexity of Government has caused a 
corresponding inmerease in the cost of Government. The 
Of (hovernment ts stibyeoet to intense and eritieal 
scrutiny by the eitizens and political interests. [stances 
of Chovernment extravagunees are given thee 
treatment on editorial comment. The findings of various 
committees tor iivestigation of economy i Ceovernment 
during the past decade have recommended the applreation 
af the principles of Tndustrial although some 
times unknowingly. The Tndustrial kngineer is beginning 
ter bee recognized by Ceovernment and bering 
the management stall of larger (sovermment imstalla- 
tions. Spectieally, the Industrial bngimeer is bemg used 
na Variety of Governument jobs allied with industry and 


tilustrial processes. Tt ois understandable that 
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ment in the past has not foreseen the advantages of apply 
ing the principles of Industrial Engineering to en 
tive PTOCESSES Since the nage of World War the 
conservation of manpower, materials, power, and time 
became a Vital factor in achieving muilitary and economic 
victory. For the first time the national effort was forced 
into the application of every measure that could produce 
a saving of resources. In the period after World War Il 
a continued need for the coordinated conservation of 
resources Was felt by Government. The principles of Ine 
dustrial Engineering as appled by the trained professronal 
Industrial engineer was the obvious answer 

In the Department of Defense, the Army, Navy, and 
Air Force have many funetions that are closely related to 
industrial processes. All have repair and maintenance 
depots where their basic arms are overhauled, modified, 
and tested. All have material storage and issue probleme 
beyond anything experienced private industry. All 
are subject to overnight expansion ino immense propor 
tions. Timely sufficreney of supply is them watchword 
Here the Industrial Engineering principles can produce 
the greatest results. A few of the Government positions 
in Which Industrial Engineers flourish are listed as follows 


Industrial Engineers (per se) reper 
equipment, ete GS through 

Organization and Methods Eraminers GS through Thee 
work usually a part of the Personnel Offices of 
depots or the chireetion of the Comptroller as 
device for appropriations control of expenditures and 
time study, production, work space laveout, and 
Some tmeumbents have found these positions elemental to seape 

(Quality Control and pection Wage Hered 
GS 5 te 12. Quality Control at contractor's plants and mamte 
le prots 

Production Specialista te 12) rate of pre 
duction in contractor's plants and is the seuree of diversified 
expenence for the Production delays are 
mvestigated from all angles. The lodustrial fit« in well 

Industrial Specialiate GSO te Work on higher plane than 
View pont 

Ciperations Usually on higher grades with 
making staff of Caovernment agence Similar te Organization 
and Methods bxaminers in lower grades Not open ten 
as frequently to person with admunmetrative back 
ground and expenence in Government 
principles would benefit these rote 

General G8 5 te More than teeh 
meal knowledge required to define because the tithe on 
(ifferent areas net equally desenptive 

Vanagement GR Sto bvaluation and control of 
management problems The whe te ted 
in administrative management will goin practreal experience 
here 

(heupational Kesearch Analyst GR te Diewerlang ele 
ment= of cuties fer occupational aren pore parting job theme rip 
thom Classtheation expenence helpful 

Postion Classifier GSO to of pereonnel b 
grade and job aren, analyem of jobs elements 

Accountant and Analyat GOS 7 to Segregation of 
trial eost= and preparation of cost analy«m report) \ bck 


of cost accounting and knowledge of categories 
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‘ 


An understanding of industrial processes is an asset 


Vaintenance Engineer (G87 to Not janitorial Oeeurs on 
military depots awd simular to Plant bngineer in charge of 


maintenance 


‘There are also many categories of positions open to the 
fndustrial Kngineer in the basic sciences, drafting, tool 
design, etc. The jobs listed occur frequently in all branches 
af the Department of Defense, some in the Post Office 
Department, many im the Atomic nergy 
the Department of Interior and other non-military agen 
cies. A lesser number of positions are open to the Industrial 
bagineer in the Department of Labor and some of the 
older departments. 

Civil Service employees are subject to the same attitudes 
and phobias that are expenenced by their commercial 
counterparts. Tle as little different) basically from his 
brother in private industry. Government is more sensitive 
to the attitudes of the people than private enterprise. 
In some areas the principles of Industral bingineering 
have been accepted with hinted enthusiasm by Govern- 
ment. At one time the use of the stop watch as an aid to 
the measurement of work was prohibited by law. This 
concept persists and seems to vary inversely with the size 
of the agency as mensured by the amount of annual appro- 
priation and publeity given the economy of the agency. 
Suspicion of new methods to effect economy has carned 
over from the days when drastic and uncontrolled methods 
were applied to show mamediate savings in industry. The 
in Government service can help to 
mivanee a more positive acceptance of the principles by 
his exemplary performance according to the standards 
mlvecated by his professional society. Where traditional 
ianagement practices are still used the more difficult 1s 
the gob of the Industrial lengineer in Government as in 
private tdustry. The professional lkengineer will face up 
tor the problem sand prove hy his contributions to the job 
that the principles need not be a source of suspicion and 
distrust. Few bosses can resist an employee who performs 
his job sous to reflect credit back to the boss. 

In the Department of Defense the Industrial hongineer 
is often under military supervision. It is the policy of the 
to control ther respective departments by use of 
Hilitary supervisors tramed to be generalists rather than 
specialists. In the majorty of instances this arrangement 
works well, [tis not unusual to find Civil Service employees 
of advanced years and long experience in technical special 
ties reporting directly to a mulitary supervisor who is a 
Second Lieutenant fresh from college. It need not be 
stated that this situation is conducive to many problems 


In personnel 


The Military Industrial Engineer 


Industrial Kagineering training may be used to advan 
tage in several yob areas of the Departments of Defense 
military organization. One requirement lists Production 
and Procurement Stall Officer in grade of Major through 


382 THE JOURNAL OF INDUSTRIAL ENGINEERING 


Colonel. Among the prerequisites are noted Industrial 
engineering or Business Administration traming. Produc- 
tion Officer and Quality Control Offieer lists Tndust rial 
or Business Administration tramiig preter 
ence also. Garades for this latter group vary from = Lieu 
tenant to Major Contract negotiation and administration 


as well as readjustment and termination activities use 


Procurement Officers of many categories. Legal as well 
as industrial background ts an asset in some of these post 
tions. Grades vary from lieutenant upward with duties 
commensurate with rank varving considerably, 

The Industrial kngineer can contmbute the teld ot 
military intelligence where industrial processes or re 
sourees are to be evaluated or analyzed or survey of cap- 
tured matenel is necessary. In the armaments field and in 
addition to the depot repair specialties the experienced 
Industrial kngineer can contribute as Armament Svstene 
Officer 
Maintenance Officer, Production and Control Officer, 


Maintenance specialties such as 


Fabrneation and Repair Officer, Equipment Maintenance 
Stall Officer, and Ground Equipment Maintenance Oth 
cer, in grades from Lieutenant through field grades are 
closely related to the work of the Industrial lingineer. 
Base Installation Officer or Engineer can also be listed. 
Transportation Officer in allied fields of maintenance and 
scheduling is related to Industral bngineering. Other 
general positions in commissioned grades that have been 


and are bemg filled by Industrial lngineers are 
Supply Research and 

Supply Stall 

Special Tnvestiygation 

Statistical Servicers 


Human Resources 
Niilitary Attache 
Manpower 
Salet 


canned ‘Tramong 


Personnel 


In addition to the foregompe and as attested by the his- 
toneal records mamtamed im the files of National Head 
quarters, Amernean Institute of Industrial bngineers, 


are source at combat lenders. 


The Military Industrial Engineer as a Supervisor 


In principle the military supervisor need not be wholly 
expert in the technical aspects of his organization where 
specialists can be employed. In practice the military super- 
visor does a better job if he becomes a specialist as well 
as a generalist. The more aware he i of the technical side 
of his responsibility the more Is engendered inte 
the product of his organization. The military supervises 
administers with a minimum of personal technical con 
tribution and a maximum of administrative coordination 
effort. A military supervisor who ts a good administrator 
but lacking techmieal ability will succeed where a good 
techmeally tramed military supervisor whe lacks adminis 
trative ability will fail. Military: stapervisors having a 
background industrial boogineering serve vartotus 


yriades responsibilities in the following general areas: 
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Vilitary Depots Current mulitary thinking proposes a sup 
ported mulitary effort for a relatively short duration in execution 
of defense plans if need arses. Inereased use of machine weapons 
including mechamzed transportation and. eleetrome devices 
lemistical Coordination of obsoles 
renee. space timely use packaging receipt ated issue, os 
resolved into a scrence to which the Industral Lnagineer can con 
tribute his professronal skill) This problem i common to all de 
partments of defense 

Wilitay 7 ation and par lh pots When mulitary equip 
ment wm overhauled of repaired ut often the rat betes 
ime closely alled te commercial pol) shop manufacturing. The 
difheutties of process, materials handling, quality, equipment 
tine’, Training | are te t encountered ith 
private imdustes This i «a natural field of employment of the 
lndustrial The Manpower, Personnel, and Reserve 
Section, Othee of Secretary of Defense recognizes this similarity 
ated has actively supported the appheation of industrial practices 
in these 

Military Procurement The Industrial who is familiar 
with contract law, costs accounting, materials, processes 
ete can produce many economes in the of contract admin 
tration premiuetion control, quality control, ete 

Vilitary Base Maintenance 
planning tamtenance patterned after commercial todustrial 


An awareness of the onlitary in 


practices has further increased the opportunities of the Industrial 
bogineer particularly in the layout of facilities. Operations are 
net as e\tensive as depot techmeal mamtenance 

Vilitary ldminiatration Here is untouched arem 
te all defense departments waiting for the Industrial Lngineer to 
ipply the prneiples of economy. Tt ix not meant that wasteful 
ness prevail throughout Government or that ageneres are try 
nature of economy of effort) The swiftly Muetuating 


lulitves are coordinated in an outstanding manner by the Depart 


requisite for positions closely allied with the Industrial Engineer 
ing concept 


Recommendations 
The following recommendations are presented tor your 
consideration: 


1 An should be made to more completely nlentify the 
loclustrial and his field of logieal endeavor by definition 
both general and speere 

2. The Civil Service Commission and the Department of De 
fense should be coordinated regularly by notices of aetivity en 
gaged in by the Amernean of to 
upliit the profession of Tndustrial and to suggest the 
wivantages that can be realized through employment of Tdi 
trial 

bach tnetance of relaxation of professronal engineering 
standards in Government should be frankly cdimeussed with the 
Civil Service Commission and the of of 
other Government agencies 

National Headquarters, American of Tnedustrial 
hLogineers, should maintain a file of recent data pertaming to 
general job deseriptions, standards of expenence and 
classification of positions, wage amd salary studies, relating to the 
profession ter bee te mterested prartios 
4 

5. professional bngineer and partreularly 
these in Government service can in the acceptance of t 
bingineering profession by continuing the practice of 
the profession ter the best of hues t nes The 
fexstonally qualified Tnedustrial of abalets 
amd integrity im the best advertimement of the standards of thie 
profession Acceptance of the primenples 
will stem from the steces of the 


practice whether in Government of private mdustry 


ments of Defense The bogineer can contribute to ad 
Hinistrative process planning on level 
HANDBOOK OF 
Conelusions 

| hie core ure presented lor your consid Industrial 
eration: 

There definite up-wing the awareness of Government Engineering 
to economies that ean be effeeted by the Tnodustrial bn 
AND 

2 The use and understanding of the bigineer im 
(aovernment hampered by a partial mosunderstanding as to how M 

‘ 

the can be used to best wlvantage Lack of anagemen 
definition of what an Todustrial m contributes 
Edited by W. G. lreson and E. L. Grant 

4. There exmet~ <ome reluetanee to the peri A complete releren for the inclustrial engi 
ciples of whieh apparently based on neer, businessman and student on the thelds 
early of activity commonly considered to be part of mdustrial 

The Civil Service and oulitary depart tients are engineering. ‘There are 17 sections in all. bach see tion ts 
ever thang thea te theure that all categories of complete in itself and is written by an outstamliny au 
engineers professional standards of thority in the tele 
and expenence a= generally accepted in the profession ( ross-referen ed and fully ilustratesd, there are see thorns 
these roluted instances where have been enrolled on: structure of business organization, manager! 
engineers whe were not qualhed. corrective procedures have: noms, engineering CCONOMY, Mmahayement, 
applied motion and time study, factory systems and procedures, 

The use of bogineers in Ceovernment unneces imlustrial ¢ limatology, engineering, ivlustrual sate 
sarily limited to those areas that are considered to be comparable ty, Lisp tion and quality control, aml many others 
too ts per Cope raat betes 1208 pages 6” «x double col. $16.00 

6 The Post Office Department m making the greatest use of Order from: 
lndustrial bingineer=) The Department of Army has the moet . . 
vwtive Industrial bogineering program t hee Depart ments of Journal of Industrial Engineering 
a 225 North Ave., N. W. 

7 The Departments of Defense reeogmze Industrial Atlanta 13, Georgia 
og tramung but do not that itm the only acceptable pre 
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Report on the Eighth Annual Conference of 
the AHE 


By A. J. Asalone 


Anxious members of the Convention Council stopped at 
the registration desk of the All's Sth Annual National 
Conference throughout the day on May 16th and 17th 
was registration coming? Would the conference 
break even? Would it be a success? When the final result» 
were known, there were smiles of relief and pleasure. The 
Conference attracted 1128 people. It was the largest Alb 
meeting to date. It made a net profit of $10,000, more than 
any other meeting up to this time. 

This end result was the product of more than a year and 
a half of planning and hard work by Convention Council 
members. was the end result of the generous coopera: 
hon of the newspapers, magazines, and radio programs 
that passed the word that New York City was to be the 
meeting place of the kighth Annual Conference. It was 


the result of a proclamation by Mayor Robert Wagner ~ 


that made May 13 to 18 “Industrial Week.” 
It was also the result of the City renaming famous Times 
Square” as “Todustrial Square.”’ 

The Conference, which was opened by Tlenry 
Owades, President of the Metropolitan New York Chapter, 
yot under way with a stimulating keynote address by the 
author and consultant Peter Drucker. Following this for 
the next two days registrants listened to lectures, partic 
pated in seminars and watched motion pietures on topics 
ranging from operations research to work simplification. 

A questionnaire was circulated to determine the most 
popular subjects covered at the meeting. The small group 
seminar discussions led the list. Subjects of special inter- 
est were: operations research, management controls, sta- 
and mathematics, plant layout, material handling, 
budgetary and cost control, work simplification and measure 
ment and production planning and control, 

hield trips of special interest to Industrial Hngineers 
opened areas not usually visited by the publi at well 
known locations. The Port of New York Authority, the 
Cieneral Post Office, Bush Terminal Buildings and the 
New York Stock Exchange were all visited. 

A ladies program ran concurrently with the Convention 
and meluded a fashion show, a trip to the United Nations, 
and attendance at the Thursday evening banquet. 

The Thursday evenmg banquet was one of the high 
spots of the Convention. Presiding was Howard kmer- 
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‘Times Square” becomes “Industrial Engineering Square’ for 
the week of May 15th. Miss Betty Mancuso changes the sign 


son, now Past National President of the Tnstitute. Alex 
W. Rathe, Associate Professor of Management 
mg, New York University was toustmaster, The first order 
of business was the “Award of Honors’ to Dr. Lillian 
Gilbreth to commemorate her previously presented 
Kellowship. This gift was accepted by Ernestine Gulbreth 
Carey in the absence of her mother who was in: lurope. 
Fellowships were awarded to David B. Porter, Professor 
of Industrial Engineering, New York University and 
Frank Hl. Neely, Chairman of the Board, Rich's, Ine.. 
Atlanta, Georgia. Following the awards, the guest speaker 
of the evening was introduced; N. Felt, Jr., Operation» 
Manager Karth Satellite Project, Glenn Lo Martin Co 
He spoke on the earth satellite project, desenbing the 
launching of the earth satellite. 

On Thursday noon, Kenneth Mebkarland, sponsored 
by the General Motors Corporation, presented a luncheon 
speech entitled “Ropes of Gold.” He dealt’ mainly with 
the reasons behind suceess and failure. At the Friday 
lucheon, a speech on “American Know-Why" was pre- 
sented by Dwayne Orton, of Thint, leducational 
Consultant, International Business Machines Corporation, 
and President, for International Progress in 


Management. 
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+ 
Wim. , 


\ closed circuit television program reviewing the In- 


dustrial Engineering seene today was the final Friday 


~ession. The program was moderated by Chet Huntley, 
the nationally known news analyst. 

The reviews were separated into seetions dealing with 
the various aspects of Industrial bngimeering. 

Section “Industrial Engineering Pironeers’’, was 
lel by Dr Lo W. Wallace, Conference Leader, Ordnance 
Management Engineering Traming Program, Roek Island 
\rsenal, The participants were John Willard, Partner, 
Bigelow, ent and Willard, and A.M. Lederer, President, 
Miorns and Van Wormer. It dealt with the great) In 
dustrial leaders, ther accomplishments, and 
with the accomplishments of the Industrial bngineers 
itm 

Section TL was titled, “The [International Industrial 
Seene”’ The chamman, MaeNiece, 
Technical Consultant, Permacel Tape Corporation, was 
joined in the discussion by Edward DeLuea, Viee Presi- 
dent, Gardner Display Company and Jerome Barnum, 
President, Jerome Barnum Associates. The session dealt 
with the use of various Tndustrial lagineermg techniques 
abroad, and developed a comparison of these techniques 
as used here and abroad, 

“Bevond The Industrial lngimeermg was 
the tithe of the third seetion. The chairman was Mes. 
(iene Weeks of Cane Weeks and Associates. With her 
were Professor Wo Richardson of Lehigh University and 
Dr, William of Washington University. This 
session dealt with the various activities the Industrial 
engineer may be called upon to perform in the future. 

The final “Top Management Looks In- 
dustrial kngineermg’, was led by Professor Alex Rathe 
and featured Harold Scherr, President, Juvenle 
facturing Company and TH. bk. Chiles, Jr, President, The 
Western (Company This seetion presented ian Interesting 


Mayor Robert Wagner presents the proclamation of “Tndustrial 
Logineering Week" to Professor Lloward bimerson, Past Press 
dent of ATTE. as Dean Gordon Carson, President of looks 


commentary on the strengths and weaknesses of Industrial 
engineering as some top management peopl saw them. 

The convention was closed by Frank M. CGiryna, Jr, 
Conference Co-Chairman. 

The Conference was, as measured by attendance and 
their work hoping that something more had been ae 
complished. They had seen the conference as an op 
portunity to amlvanee the profession of Lndustrial 
neering. It was a chance to present both a showense of 
Industrial engineering interests for management and the 
public to see, and a stimulating and educating meeting 
for the Industrial kngineer. Figures alone cannot answer 
the question of whether these goals were realized, but 
there was a feeling of optimism in the air as the Conference 


ended, 


Uncover HIDDEN PROFITS in your plant or shop with the— 


@ HOW FOREMEN 
CAN CONTROL COSTS 


@ TIMESTUDY FUNDA- 


MENTALS FOR . An expert on the subject, Phil Carroll, shows you 
FOREMEN exactly how to take on cost control problems and 


@ TIMESTUDY FOR 
COST CONTROL 


top of cost problems in _— order. 
Starting right at the 


ront- line supervisory level, 


5-volume McGrow-Hill 
PRACTICAL COST CONTROL LIBRARY 
By PHIL CARROLL, 1372 poges, 460 illustrations, only $19.50 


Timestudy techniques and applications 
From the ABC's of timestudy, this Library leads 


solve them at all levels in the plant or shop. Fore- ,., step by step through the standard setting proe 
use these speeihe facts, dats d meth« o get on 


building standard data, applying standards, and 


@ HOW TO CONTROL this Library points out the foreman's responsibilities maintaining a complete incentive installation 


PRODUCTION COSTS 


@ HOW TO CHART 
TIMESTUDY DATA 


waiting time, scrap, and so on 
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for costs—gives scores of helpful suggestions on such 
typical foreman cost problems as changing setups, 
training new men, handling rush orders, eliminating 


A full explanation of the total convermon cost 
method of control gives you tested means of boosting 
profit and plugging cost leads 


Order your Library from: JOURNAL OF INDUSTRIAL ENGINEERING 
A. French Building, 225 North Ave., N.W., Atianta 10, Georgia 
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An Application of Linear Programming to 
the Assignment of Materials 
Handling Equipment 


By Virgil Erickson 


Johnson and Son, Ine 


and Paul H. Randolph* 


Professor, Department of Industrial Engineering, [lino Tnatitute of Technology 


Inhowany companies, especially process industries, there 
are often several available methods for transporting mate 
nial Generally conveyors provide the most economical 
method of handling large quantities of material, TLowever, 
conveyors lack the flexibility of fork lift tracks and pallet 
Therefore, as a compromise between flexibility and cost, 
or for other reasons, a company may have developed 
tuuterials handling svstem whieh mehides a variety ol 
types of equip rent 

Hothe company also has a wide vanety of products, then 
the selection of the type of materials handling equipment 
loreach product may become rather complex. An arbitrary 
assignment of materials handling equipment usually 
~ults in higher handling costs than a systematic assignment 
lnone company in the Chicago area, for example, a random 
selection of equipment would require a material handling 
crew ob up to six men more than the crew size of the sched. 


tle found from linear programming 


Cuse Study 


The principle is ilustrated by the following case study 
ofa glass company which produces a wide vanety of bot 
Hes, tumblers, and a host of other glass products. These 
items are produced on a group of twelve machines, packed 
mn corrugated cases and then carried away on twelve con 
vevor lines, one from each machine. Ouly one product. is 
produced on a machine each work day, with new setups 
made by a special might shift. Thus, daily production ts 
lnited to twelve products 

The conveyor lines carry the various packaged products 
from the production locations to the shipping area where 
the cases are either palletized manually, palletized auto 
miatioully, or are conveyorized directly ito railroad cars 
Thus, there are three methods of handling the product 
The semi automatic palletizer (4) (5) is a devise with a 
power lift platform which lowers the pallet as the cases are 
Industrial Engineering, 


Presently Assocunte Professart 


Purdue University, 
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fed onto the platform. Thus the operator can slide the cor- 
rugated cases into position with little effort. In manual 
palletizing the cases are lifted manually from the conveyor 
toa pallet placed on the floor, Because the size of the crews 
assigned to manual palletizing can be varied at will, all 
products that are not conveyorized or palletized aute- 
matically are placed on pallets by hand. When carloading 
by conveyors, the cases are fed through a conveyor switch. 
ing station. This station directs the various products to 
the proper railroad car, where they are loaded manually 
inte the ear from the conveyor. 

Since the total number of products manufactured by 
this company is considerably more than the daily lint of 
twelve, the various combinations of products produced te 
different each day and each day a new decision miist be 
made as to how the combination of twelve products wall 
be handled. These decisions must be made within the 
framework of the restrictions of the company. Let us cot. 
sider the restrietions of the company of this ease study 

Both methods of palletizing require subsequent han 
dling by fork lift truck to bring the material to a railroad 
ear, to the truck dock or to the warehouse. The conveyors 


TABLE. 1 
Van and beaten hor Ad Products 


Man Hours Kejuited per 

Automaty Mianua I sa 


of Poutwls 
Patletizing Pa Pound 
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TABLE. 2 
(‘oat Table Fis ransportation Calculations 


them 
bee 


\I" Ti tw 

aT) i 7H 


* A cost value whee large feeprevent conve. 


foot this 


ean transport the maternal only to the fregght cars. Some 
products may not be shipped by nul and therefore require 
handling by pallets. Thus, only a solution whieh assigns 
ne units to the conveyor for these praduets can be per- 
mitted. This can be accomplished by assigning a very high 
cost to the transportation of these products by conveyors 

Itis also possible that only a part of the daily production 
of a product will be shipped by rail with the remaimder 
tuken to the truck dock or to storage by fork truck. In this 
case the product ean be considered as made up of two sub- 
products with the total daily production split among these 
sub-proaduets. One of these sub-products will be as 
~“ygned «a daily production equal to the amount to be 
shipped that day with the normal conveyor cost. The other 
“ub-produet will have a daily production equal to the 


remainder but with a large comvevor cost 


Table | the cost characteristies in man hours and the daily 
production rates of these twelve products are given. Four 
of these products, those numbered a. 7. Il, and 12. are not 
to be shipped that day, and therefore the conveyor cost of 
these products must be made large enough to prevent con- 
veyorizing. This is indicated by a cost of “M" in Table 2, 
where M is as large as we wish to make it. Furthermore, 
only 50,000 pounds of product 6 and LO,000) pounds of 
product 9 are to be shipped by raul. Therefore, these two 
praduets are each considered as made up te two sub 
products designated by A and B. Sub-produets OA and ON 
are assigned a daily production of 50,000) pounds and 
10,000 pounds, respectively with normal conveyor cost, 
while sub-products 6B and OB are assigned the remainder 
of the daily production with a high conveyor cost, as shown 
in Table 2. 

Sinee conveyors generally require less man hours than 
either method of palletizing, the total capacity of the eon 
veyors, namely 250,000 pounds will be used. Likewise, the 
automatic palletizing uses less man hours than canal 
palletizing for most produets and thus these will alse be 
used to ther capacity of 25 per cent of the daily total pro 
duction, or 277,000 pounds. The remanming 570,000 pounds 
will be handled manually. These capacity restrietions are 


noted at the bottom of Table J 


Method of Handling 


With Table 2 the problem of assigning the material 
te the praxduets can be solved 
easily by the well known transportation algorthim of 
programming. Sinee this computational method has been 
explained tities other artwles (1) (2) C4), it need 
not be repeated here The linear programming solution t- 
given by Table 3. This table mnplies that all 112,000 petund- 


TABLE. 3 
ar NSelution the Vel handling Ne lee licen 
eee 


(Conveyor is to a total of five carloads of 
there are three automatic palletizers, the total capacity of 
the automatic palletizer is approximately 25° lines out 
of 12) of the total daily production. The manual pallet . 7 as 
-vstem is unlimited in capacity Ist 
th 
Cost of Handling th 
The cost of handling the maternal direetly related to ; 
the of labor hours required, whieh in turn has been ihe 
tes be linearly related te the number of 
That is, the of handling pounds 5 hog 
times the cost of handling 200 pounds This company has “1 
collected information on the number of man-hours pet 
100.000 pounds required for handling each product on each 
type of materials handling equipment 
Let us consider a typienl day with twelve products. In 
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TABLE. 4 
Vodified Solution of the Materiale Handling Selection Problem 


Dheusands of Pounds Handled 


|| Palleticing | Production 
Is! 
h 
‘My 
117 117 
WA My 
ons 
i 


Total 25s $75 


a product | will be handled by the conveyor, 63,000 
pounds of product 2 will be handled by the automatic pal- 
letizer and 1OL,000 pounds by manual palletizing; and so 
forth, is the minimum cost solution which satisfies 
the stated expacity and production requiremeits. No other 
program: will mvolve less total cost 

Although this is the minimum cost solution satisfying 
the specified requirements, it is not necessarily the one to 
lollow. bor example, consider the total of 277,000) pounds 
to be assigned to the automatic palletizer, This figure is 
arbitrary, based on the fact that the company. has three 
automatic palletizers which can be assigned to serve any 
three produrtion lines. The assignment of product 2 to two 
metheads off handling wnplies that one of the automatic 
palletizers will be idle part of the day, which seems un 
reasonable. Thus, rather than split’ product 2 into two 
methods of handling, all of this product could be assigned 
to the palletizers at a saving of approximately 
one man diay (OS 101 SOS man-hours) for the day. 
This, of course, nicreases the rather arbitrary marginal re 
quirement of the automatic palletizer to $78,000 pounds 
Likewise, since box car loads can be varied slightly, it may 
be desirable to mvestigate the possibility that all of prod 
uet OA be transported to the boxeurs by This 
would save about half a man hour (05 & S AO) per 
day 

These two changes are given in the modified schedule of 
Table 4. With these changes in equipment requirements, 
we no longer have the original problem and thus the mods 
lied solution is not necessarily optimal. Towever, the 
transportation algorithm can be applied to the new model 
fo test the optimality of this modified solution. Normally 


this modified solution is degenerate but the usual rules for 


degeneracy can be followed. In this case study the modified 
solution was found to be an optimal solution, as is usually 


the case. 
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Thus the final minimal cost solution is to handle all of 
product 1 on the conveyor, all of product 2 on the auto 
matic palletizer, all of product 3 on the automatic pal 
letizer, all of product 4 on the conveyor, ete, 


Conclusions 


The problem of this case study is similar to that found 
in many plants. Current practice is to assign the products 
to equipment rather arbitrarily. This procedure tis inefficient 
and chancy and does not guarantee a minimum cost 
schedule. In contrast, the application of linear program 
ming assures a minimum cost solution and provides a pro 
eedure which is so simple that the scheduling can be 
assigned to clerks. 
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Predetermined Time Standards for 
Variable Set-ups 


By DL A. Drewery! 


heel /’ A (or poration, Milwaukee 


and R. R. Coats 


Asscatant to the Vice President of Manufacturing, H.C. Smith Out Tool Company, Low Angeles 


shop Where a condition of small proiue 
tion lots is the rule rather than the exception, the problem 
always eXNists as to the necuracy ol labor standards for 
the set-up portion of the operation. This problem becomes 
us the portion ol gan employee's time concerned 
With set-up operations imereases, and the planning se- 
of job is chetuted by the 
of the job rather than the simularnty of jobs. The incentive 
worker Wants the assuranee that he is bemg paid for the 
work he performs. Management likewise wants the as 
urance that its labor costs are under control, 

Labor standards for set-ups have been handled im 
many Waves. Phe most satisfactory method used to date 
Is the on-the-spot analysis of the work performed and, 
through the use of standard data or a stop wateh, the 
necessary allowances made. This costly in observer 
the amd requires the to pertorny the work first 
and later be motified of bis standard. This eventually 
lemds to Incomplete inelleetive Mmecentives, anel 
emiplovee dissatisfaction. The most common method is to 
allow a fixed and normalized set-up. This ean result in 
to either the the operator umd ts 
to changing ret hed conditions Still 
another method shifts the responsibility to the operating 
supervisor to negotiate a Spree’. All of these eventually 
disputes for them obvious reasons 

The system to be outlined in this paper was developed im 
a job shop atmosphere, Crossed production lines of ets 
tom-engineered overhead cranes, power shovels and other 
heavy machinery require a fluid production schedule with 
endless changes im job scheduling. Aggravating this con- 
(ition is a supermposed and very heavy repair order 
with the usual “Rush”, “Speeml Rush” and 
Breakdown’ eategories. With the “break 
ims” changing production demands, the need for 
a flexible vet sensitive set-up standards program is un 


questioned. The company subsernbes to a poley of mans 


President of the \MIlwaukee ¢ eof 
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mum coverage with direct measuring mecentive standards 
Praduet costing is currently on an actual or “as incurred” 
basis. Mlemental standard data and standard operating 
practices are the bases for all labor standards caleulations. 

To predetermine time standards for any operation, 
recognition of the work an operator must perform ts all 
important. To do se for the set-up portion of the opera 
tion, the analyst must know the details of the set-up for 
the preceeding operation. [tis conceivable that with proper 
scheduling of work through a given work station, the set-up 
nay require only a minor tooling change. Or again, despite 
planning, a mayor change may be necessary. There im still 
the question of whether the set-up operation will always 
require the same amount of work. Will the sequence of 
work flow always remain the same through each work 
station? Whenois the sequence, and thus the amount of 
work, known? Since sequence is very difficult: te control, 
particularly it job opp, recewmnition of the variable or 
conditional portion of a set-up, depending upon the pre 
ceding operation, is vitally important 

tnder this predetermining standards system the set-up 
standard is actually developed im the following three 
stages, the first two bemg fixed for any particular job 


The job change that work whieh mm 
walking ter prt her = ete 

2 The assignable of that work that 

the particular jobs assignment and com-tant regardless of 

sequencer This may melucle eve 

assembling certam holding device) and ane 

removing «pecial cutting tools 

4. The conditional portion, of that work that tm bey 
the set “up of t bee preceeding These tay of the 
usage of general purpose cutting tole tool ane 


material holding devices. ete from the previetie set up 


Conditional Set-up Standards 


The explanation te will devoted 
the development, administration and effeet of the third 
stage sinee the first two are self-explanatory. The de 


velopment of this third stage m outhned as follows 
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basic Set Ip Type 


Support Stand Required Y 


Number "im Praces Kequired 


Conditional Set Up Code 


Artor Fixture T 
Pushing Length Rem None None None 
1.375" to 2.250" to 2.412" to to " to Over 
Pushing or Pore Vianeter 2.187" 10" 
Work Artor Morse Taper #10 None 


"lo Yes 


Work Ara Collar Kequired No No No 


rt 
| 


t< 


Schematic Diagrem for Conditional Set Up 
Gear Hobe 


No Yes to Yer No Yes Wo to 
| | ‘om 
| 
No No No NO No Yes No Wo "o 


NO MD 


Sehematioe Diagram 


Schematic Diagram (Pigure 1) 

Basie types of set-up 
Components 
Set-up combing. 

Check Sheet Development 2). 
A. telemental analyst 
Bo Caleulation of standards (via machine tabulating 

Baseball Schedule’ 
(haguure 4) 

These exhibits are taken from the actual development 
of conditional set-up standards for gear hobbing machines 
llowever, the same principle has been apphed to a wide 
variety of machine tools, and can be further extended to 
variable 


Chart of Set-up Time Values 


equipment or stution where the sequence 
eXists 

Where the setup of a machine tool is completely made 
for every job. a complete fixed standard can be pre- 
caleulated such cases conditional standards are 


impractical, We have found such to be true for upright 
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drills, kevseaters, and fully automatic and special purpose 


machine tools, 


1. Schematic Diagram 


The important variables affecting the amount of set-up 
required in going from one job to another must be de 
termined as the first prerequisite in setting up the sche- 
matic diagram. These variables represent the components 
of the baste set-up types. As an illustration of this analysis 
refer to Figure | “Sehematic Diagram for Conditional 
Set-Up Gear Hobs’. The first step is to determine the 
basie set-up types, which in this reflects the method 
of holding the gear blank while hobbing the teeth. This 
resolves into three work methods: (A) Work Arbors, 
(18) Pot Fixtures, (C) Centering type face plates. 

It is then found after further analysis that although one 
job held on a work arbor might be followed by another 
held on a work arbor, the arbor quite possibly would 
have to be changed because of the length of bushing re- 
quired, the bushing or bore diameter, or the morse taper 
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Pot 
| | 


on the arbor. These three vanables are classified from 
standard categories and plotted as legs on the schematic 
diagram under the basic set-up type “arbor”. The next 
consideration to be made is simply a “ves” or “no” re- 
quirement of the support stand or work arm collar. This 
wilds two legs to each of the four previously deserbed. 
The final item which seems to affect time from one set-up 
to the next is the use and the quantity of rim = braces 
used in supporting the gear blank. This is standardized 
as to the quantity to be used dependent Lapras the outside 
diameter of the gear blank and drawn as four additional 
legs to those prey lously deseribed. The same sort of anal- 
ysis is then pursued in the extension of the diagram for 
each of the other two basic types of set-ups. The three 
basic set-up types are then coded as follows: (A) Work 
Arbors, (B) Pot Fixture, (CC) Centering plate, and each 
leg of the schematic diagram ts numbered consecutively 
through all the legs for each basie set-up type. 


The next step is the development of a cheek sheet 


Check Sheet Deve lopme nf 


(higure 2) for determination of time requirements to 
perform the various operations in going trom: one baste 


type of set-up to another, The time values used on the 
check sheet must reflect separate tithes for “place” 
“remove” of the variable components of the set-up since 
the work will be performed at different tines and possibly 
by different operators element or of work 
is numbered and listed separately with the time values 
required to perform same. Space is provided for the 
analysis from one basic set-up type to another, 


A. Cheek sheet analysis to determine tine values 


The analyst determines the ultimate time required 
to perform the conditions of the set-up by using the 


schematic dingram (Pygure and the cheek sheet 


(Figure _ tle traces from the end of one leg to the end 
of another following the schematic diagram and the 
shortest possible pathy As this Is the necessary 
elements are checked off in the appropriate block 

to set-up type C2 


* Is 


Krampl From sel up 
Set-up AZS is a baste arbor type using a 
taper work arbor, a support stand and 12 rim braces 
Set-up C2 
a @ taper work arbor and 3 ron braces. To go 


isa centering plate basic set-up requiring 


Operation Analysis 
Conditional Set Standarts 
(Based on One Machine Assignment ) 27) 
|B) B2 C4 C3 C¥ CS CO C7 CF 
le Assemble Work Artor 11.420 ease: / / / : / 
Assemble pot Fixture 6.32 LZ a 
3}. Assemble Centering Plate 5.16 3 3 3 3 3 3 a 
lie Support Stand 6.553 | 
6. Assemble 3 Rim Fraces 8.109 i 
7. Assemble 6 Rim Praces 164718 | 
Assemble 9 Ria Praces 20327 i 
9. Assemble 12 Rim Praces 32436 | | 
10, Remove 3 Rim Praces 5-6 i 
ll. Remove 6 Rin Hruces 10.932 i /! | | 
L?. Remove 9 Rim Praces |/2 
13}. Yenove 12 Rim Fraces 20.064 \/3 143 4/3 | 
Us. Reset 3 Rim fraces = | 
15. Reset 6 Pim Fraces 16.950 | | | | 
16, Yeset 1? Ria [races 33.300 | j jw, 
19. Renove Centerinr Plate § A085 | | 
Std, Bre, Tot. Min. x .026h I L 
kia. 2 Cheek Sheet 
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06 432 
MOVE 12 oe 
EMOVE WORK ARBOR OT 
3 CENTERING PLATE 286 
REVOVE R14 B8Races | 
a ASSEHBLE TER I PLATE 1286 
1 REM BRA S 866 
14 BOM BRA 08 475 
SUPPORT O06 O05 
ASBSeE t? BLE "ORK AKBOR 13 


bic. Tabulatioon of Standards Caleulatron- 


from an AZS type set-up toa C2 type the operator 
must remove ron braces, and reset 3. elements 
numbered 12 and are appropriately checked. 
Tracing up the legs of the schematic diagram, the 
work arm collar is not required im either type of 
set-up. The support stand os required im the A2S 
and must bes removed for the C2. set-up. 
number 20 entered mto the proper block 
The # 1S work arbor used for the AZS set-up must be 
replaced by a @ 14 work arbor for C2. element 
numbers 17 amd | are entered. The only thing lett im 
the conditional change over ts to assemble the center 


img plate. blement number 3 is entered. 


Caleulation of Standards. 


The conditional portion of the set-up operation for 
vear hobs requires 1764 calculations. On othee machine 
tools this figure may be substantially higher. Utilization 
of machine tabulating equipment to perform this 
ealeulation operation accurately and rapidly is a vers 
practical solution. Tlowever, in order to do this some 
definite planning and direction is a must. First a master 
ecard deck is key punched from the check sheet Chigure 
2) with each ecard representing an element of work and 
carrying the complete information shown on the check 
sheet by element mumber, From the master card deck 
dupheate cards are made through the duplicating 
machine. A blank tabulating card of a different color ts 
then punched for each leg of the schematic diagram 
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(Pigure 1) reading from set-up to set-up, with this eard 
reflecting, as an example, “From set-up A-28 to set-up 
With the calculation framework established the 
various cards are assembled for the caleulation operas 
tion. ‘This is done with clerical help. The duplicate 
eards of the master card file are placed in order by 
element number inan open top contamer and identified 
by use of index spacers. The clerk assembles the 
medividual cards required for each leg of the condi 
tional set-up by using the check sheet and collating 
the eards by number as shown tn each column of the 
check sheet. 

From set-up A-28 to C-2. 

(‘ards numbered 1, 3, 12, 14, 17 and ZO are as 
sembled with the identifving set-up card “rom 
set-up A-28 to set-up 

As the assembled cards are accumulated they are 
fed into the tabulating machines where the normal 
minutes are totaled, calculated into standard hours 
based on the poliey formula for allowances, and 
listed (Figure 3). The resultant allowed time is 
automatically punched to the identifying set-up 
ecard, and the identifying set-up card is then used 
for a summary listing. 

“Baseball Schedule’ Chart of Set-up Time Values 
(Figure 4). 
The time values required to perform the various com- 


binations of the conditional set-up are now developed, 
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but they must be put in such form to be effectively utilized. 
One method of doing this is by the use of the so-called 
“Baseball Schedule’. All of the values are put into tabular 
form so that by reading from the one axis “From set-up 
type-"" aeross and down from the other axis ‘To set-up 
type-" the desired value is quickly obtained. 

Where the number of variables exceeds those found im 
this gear hobbing example, it is frequently found con- 
venient to ereate more than one schematic diagram and 
thus more than one chart. Such a device was employed 
for standards for turret lathe set-up operations. Because 
of the possible combinations, over 15,000,000) calculations 
would have been necessary to coutine the plan toone single 
chart. However, by normalizing out the minor variables 
and employing four charts (two each for the hexagonal 
turret and head stock) the number of calculations was 
reduced to approximately 13.750. 

Thus far then we have established a system whereby 
every possible type of machine set-up can be designated 
by a simple code number, We have likewise preealeulated 
performance standards to be appled when an employee 
is required to change over a machine from one type of 
“t-up to another. All that remains is to bring this in- 
formation together at the right time and place. 


Aclininistration 
As in many programs, the success of this one is depend. 
ent upon good administration. The following are essential 


requirements to put into being predetermined time 
standards for variable set-ups: 


A staff of Industrial Engineers fully fanuliar with the avail 
able tooling and types of set ups as applied to the company 's 
products. Predetermined standards are of greatest value 
from the standpomt of incentive administration cost and 
incentive effeet if they can be established as routings (or 

process sheets) developed in the office from new engineering 

drawings Normal obeervation alulity m all that ts required 
for on the job studies while a highly experrenced Indust rial 

is required to pre establish operations analyst, 

The analyst in caleulating the set up standard (a) estal 

lishes the fined portion of the set up, (bb) determines the set 

up coding, or the type of set up required to process the part, 
amd (¢) makes entry of (a) and (bh) on the routing master 

A properly maintained master routing system This system 

must be current all reflecting any changes tm 

machine tools, jigs and fixtures and product engineering 


at tithes 


changes 
$. An order scheduling board with job assignment made by a 

dispatcher or shop clerk. With ecards racked on 

the scheduling on job sequence order, the her 
(a) determines the conditional set up code of the preeecding 
job and the one to which the operator m being assigned, 
from AZS to C2 (hb) determines the allowed time from the 
ball schedule, O10 «tamdared divecded bey 2 amd ce) 
this conditional tents ter the ~peethed 


Phis total entered on the operators laber card at the tone 


the eared, 


t hie jobs te 
New scheduled of clerk When 


ever human error are possible, auditing of such prograne 


Industriel Engineering Standards 
Subject: Conditional Set Up Standards 


Set 


. Time Values Are Based On One Machine Assignment And Are Expressed In Standard 
Hours Allowed To Make The Conditional Set Up Ghange. 


Dates 8/8/52 
Gear Hobbers 
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To | Up pe 
Set Up Al A? e3 oF Ck 
Type 
2 ok 
Z 
Cc 5 


should be exercixed) Typical audit summaries are made 
Attention im given tothe percent variance actual to standard 
With minute negative variances the possibility of ecollu 
sion and significant error can be dismissed. The audits 
the avenue of approach a «standard cont system 
or cost estimating. The average percentage of the conditional 
portion to the fixed portion of the set up standard can be 


to merease the latter figure 


Conclusion 


The success of this system is best attested by the ex- 


perience with it after being in effeet for over two years. 


No labor disputes have arisen as to the sequence of work 
assignment. If a foreman requires an operator to make a 
complete tear down and rebuild of the set-up due to poor 
planning, the operator ie pard in proportion to the additional 
work required 

iy being informed by the shop elerk of the size of the con 
ditional set up standard, the foreman can be cheekmated 
amd realign box production schedule for minimum labor 
costs production allother production require 
ment= bemg equal 

Sinner the operator does not stand to be due tom 
normalized, fixed set up, the size of the production runs 


on Thus, the foreman has neo 


PRESIDENT’S 


MESSAGE 


By Gordon B. Carson 


President, American Ilnatitute of Industrial Enqinecrs, Ine 
~ 


neeasing Education 


He was obviously a man of circumstance and accom- 
plishment. In fact he had forgotten more than some of the 
shinv-faced Industrial engineers knew. But he was dis- 
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trouble expediting urgent small quantity repair orders 
across the various facilities 

The time to compute a total standard by a shop clerk ts 
very small for each job, but there ean be no denial that 
accumulatively for a full department a noticeable clerical 
work load is imposed. However, the total standard is com 
puted before the job assignment is actually made eliminating 
delay on the part of direct labor. The heaviest such load ts 
in the turret lathe department ‘three ~eparate conditional 
standard figures per job) where in addition to this funetion 
the shop clerk performs all clerical duties including mainte 
nance of the order scheduling board for approximately 


turret lathe and related machine operators 


The «vstem requires an investment of Industrial Lingineering 


man hours at the outset. However, once the schematic 
diagrams and baseball «chedules have been established, a 
<ubstantial number of analytical man hours are saved there 
after since this much of a set up standard requires only a 
coding instead of an assembly of work elements. We cur 
rently develop new set up standards of this category for 
about 300 operations per week. An estimated 30 to WW addi 
tional Industrial kngineering man hours would be required 
every week were the standards precaleulated on a normal 
fixes) baste on another the additional 
of 6 to 10 oleervers would be required were the standards 
caleulated on the floor on an as ran basis <inee we would 
never have the identieal set up change duplreated and thus 


ill weld have te lee observed 


turbed. “I can’t read the new hieroglyphics,”” he said... 
“T don’t understand the rash of sciences which the new 
look is putting out 


.. and yet I know that if I could 
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understand the language, | could contribute to the general 
progress in fodustrial 

This is typreal of the position in which many mature 
engineers find themselves regardless of specialty. But 
in Industrial kngineerning progress has been much more 
rapid in the past few vears than im some of the other 
branches 

Cheek your real positive knowledge. What do the fol- 
lowing terms mean to you? 

Information Theory 
Mathematical Statistics 
lanear Programnmung 
Operations Research 
Standard von 

Serve Theory 
beedback 

\nalog Computer 

Most of you recognize the terms, of course, but the 
chances are that i you completed your formal education 
more than five vears ago, yvour knowledge of the terms is 
sketchy or rudimentary in most cases 

Both the national orgamzation and the local chapters 
have obligations tee rut short ana refresher COUTSOS 
for the mature Industrial kangineers of each major chapter 
center, Not all programs can be alike, sinee local needs 
vary. But in every instance much can be taught and as- 
striated threwueh mutual study and learning 

Let's examine our needs and start our own “Operation 
Bootstrap.” Phere is no need for an alert Industrial bn- 
vineoer to become obsolete. There is never a barner to 


lenrming through age alone. bagerness to learn is not the . 


peculiar property of the very voung. 

So often we hear the term, “why don’t they do some- 
thing about it7° In this cause “they” is you and me and 
all of our members. 

hy tackling the problem of continuing education for 
all those of our membership who want to participate, we 
can raise the level of attammment of the entire profession 

and tnerease each member's abilitv to make personal 
progress and to unprove his professional standing. 

To start such a program is not easy. To run it will re- 
quire the diligent and farsighted leadership of many. And 
itis one aren Whieh all who participate can benefit 
many 

Invest in voursell 
only investment vou will ever make over which you will 


-undin your profession. It is the 


have substantial and directing control! 
A New Epoch for ATTE 


\t the August 21 meeting, the Board of Trustees voted 
to move our National Headquarters to New York when 
the new Trustees Building is ready for 
eceupaney tn late 1900 or early 


November December, 1957 


This new boeatledinng, scheduled for erection at First Ave- 
nue between 46th and 47th Streets, will be across Piest 
Avenue from the United Nations area. It will be the na 
hemiquarters for all ot the 
ties, and for such inter-<diseiplinary groups as the bangs 
neers’ Jome C‘ounenl, ol Which AILE 

The Board made no hasty decision. In spite of the fact 
that AILE has a heavy concentration of membership in 
the Midwest, and in spite of the personal bias favoring the 
Midwest on the part of many Board members, there 
could be only one conclusion: The future growth, power, 
and service of ALLE to its members demanded location im 
conjunetion with the other top engimeerng socrweties, 

In the interim period between now and LOG1, headquar 
ters will remain in Columbus, Ohio, where additional 
<pace has been engaged to fill the needs of our rapidly 
growing society. The present headquarters oecupy a 
suite of rooms on the sixth floor of the Brunson Building, 
145 North High Street. 

Don A. Trenwith manages the office as Business Ad- 
ministrator, and in February, veteran member Floyd A. 
Titler will assume full-time duties as the first professional 
I’xecutive Secretary of 

Better service to ALLE members is the objective of 
National Headquarters. And after 19600, it is hoped that 
new position of ever-mereasing iifluenee national 
affairs will be achieved by your society. 

Progress is trouble. Growth may mean departing trom 
practices of the past. But our society will always remaim 
the champion of professional progress for Tndustrial bon 
gineers, and will represent our segment of engineerigg in 
the couneals of all engineering organizations 

You will be increasingly proud of your if 
moves ahead in its national influence, and as it achieves 
for you a new position of respect in our ever-changing 


national ecomomy, 


For your copy of 

A SURVEY OF 

INDUSTRIAL ENGINEERING 
FUNCTIONS AND PERSONNEL 

by Paul E. Overcast 

write to: 

Industrial Engineering Department 


University of Houston 
Houston 4, Texas 


35 Tables of valuable data for 
Industrial Engineers and Management 
Price: $1.50 per copy 
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INSTITUTE INTERESTS 


CALENDAR 


November 14.15, 1957: Twelfth National Meeting of the Opera 
tions esearch Society of America, Venn Sheraton Hotel, Pitts 
burgh, Pennsylvania 

November 18 22, 1057> Second Annual University of Dayton 
Paperwork Simplification Conference; University of Dayton, 
Dayton, Ohio. Write University of Dayton Public Relations 
S00 College Park Avenue, Dayton 9, Ohio 

January 6,7 and &, 1958: Fourth National Symposium on [Ke 
liability and Quality Control; Hotel Statler, Washington, DC 
Write Richard Jacobse, RCA Bldg 108-2, Moorestown, New 
Jersey. 

January 27 February 6, 1058: Kengineering and Management 
(‘ourse; University of California, Los Angeles. Write Admin- 
istrative Staff, hngineering and Management Program, U.C.L.A 

March 17 21, 1958: Fourth Nuclear engineering and Science 
Conference; Chicago, Hlinois. Write Atomic Exposition, 117 
South W7th Street, Philadelphia 3, Pennsylvania 


PERSONALITIES 
B. Porter 


Nineteen members of New York University’s faculty and ad 
ministrative «tafl retired this summer. They include the Uni 
versity controller, one dean, an assistant dean, and four chairmen 
of sneademic departments. Nine full professors, all of whom have 
assumed the tithe of professor emeritus in their respective fields, 
aleo retired. One of these was David KB. Porter, in the College of 
Lngineering, who was named a Fellow in the American Institute 


of Industrial bengineers in 1957 


Dickey Dyer 


Dickey Dyer, a veteran of 16 years expenence in Industrial 
bLaginecring and management consulting, has joined George 
bry & Associates, the Chicago New York-Los Angeles manage 
ment consulting firm, and has been appomted resident manager 
of the firm's New York office, it was announced by William J 
Hiehl, president 

bormerly a member of the consulting firm of Welling & Wood 
ward in New York, specializing in new products engineering, 
Dyer from 1051 to 1955 was business manager of the Work- Factor 
Company in Cleveland) From 141 he was associated for ten years 
with Dyer bngineers, Ine in Cleveland, concentrating on the 
development of industrial cost control systems 

A giaduate of Harvard t niversity, Dyer is a member of the 
Socrety for the Advancement of Management, having served as 
view president of the Cleveland chapter, He is also a member of 
the ALL, serving last vear as conference program chairman of 


the Cleveland chapter 


MEMPHIS CHAPTER 


The July meeting was held on July 24 at the Union Planters 
Bank, Highland Heights Branch The speaker for the evening was 
Mr. Haneel Bonds, one of our own Associate Members. Mr. Bonds 
is Supervisor of Industrial bingineering at Flexonies Corporation 
in Memphis. He earned his 18. in Industrial engineering from the 
University of Tennessee and his MOS. in Industrial bngineering 
from the University of Houston in Texas. Mr. Bonds spoke on a 
paper he presented to earn his Masters Degree; its tithe is “An 
Investigation of Industrial engineering Functions and Personnel."’ 
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This paper was the result of a survey of 1000 companies to deter 
mine the functions which Industrial Engineers perform in In- 
dustry, and to evaluate the Industrial kngineer as an individual 
ax seen in the eyes of Industry. 

Qur August meeting was in the form of a dinner and dance held 
at the Mallory Officers Club. Families of members were invited 
guests. As an extra added attraction, our own Jimmie Barr pre 
sented a short humorous talk entitled ‘Analyze Your Home, or, 
An Industrial Engineering Approach to Housekeeping.” 

In September we met at Union Planters Bank for a most im- 
portant session the annual election of officers. After the election, 
a short film on Industrial Engineering was shown P 
MIDDLE TENNESSER CHAPTER 

William Prather, senior plant Industrial engineer for General 
Shoe Co., was elected president of the Middle Tennessee Chapter 
AIIk, at the July meeting. He succeeds the chapter's first pres! 
dent, Wendell Ib. Graddy, of Tullahoma 

Other officers are Ernest Teasley, Manchester, vice president; 
Robert Koger, Tullahoma, secretary ; and Harry Ginn, Tullahoma, 
treasurer. Named to the board of directors were: Mr. Graddy as 
membership chairman; Tom Bigger, Tullahoma, program chair 
man; Orrin J. Greenwood, Tullahoma, publicity chairman; and 
Lee Cushman, Tullahoma, constitution chairman 

This dinner meeting, held at the Tullahoma Golf and Country 
Club, opened with a social hour and closed with the showing of 
two films by Mr. Greenwood, one on motion study by the State 
University of Lowa and the other on conference leadership pre- 


pared by General Kleetrie Co. 


New Officers of Middle Tennessee Chapter: Front Row, left 
to right: bernest Teasley, Viee Prestdent; William Prather, Presi 
dent; Robert Koger, Secretary. Back Row, left to right: Thomas 
Bigger, Program Chairman, Harry Ginn, Treasurer; Orrin Green 
wood, Publicity Chairman; Wendell Graddy, Membership Chair 


han 
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KOCTIESTER CHAPTER 

The Rochester Chapter, AITE, held it« Annual Spring Con 
ference on Saturday, March 30. at the Rochester Chamber of 
(Commerce Titled “Management Seience in Action”. the eon 
ference Was devoted to exploring the application of new scientific 
approaches to management problems 

Dr. Melvin k. Salveson, Operations Research Consultant for 
the General kleetrie Company, gave the luncheon address entitled 
“Looking Ahead in Industrial Engineering’ He emphasized 
mur ihereasiig responsiblity te “design progress" “Task forces 
researcher ire’ t he betas beers for new new 
cepts”, he must leave free to clo the ine xpected 
It thos Which progress ts 

As the changes in Industrial agineering become more com 
ples,’ he sand we “must focus our attention on the whole range of 
business aetivities, You ean't change one part of the business 
Without changing all other parts they are all interrelated." 

Highlighting the cliscustons was atalk by Dr. Charles | Miller, 
Staff for the Kodak Company, entitled 
b.fleet of Physiological Stress in Industrial Workers.”’ He ex 
amined the inereasing need for cooperation between the Mecheal 
profession and Industrial kingineers as a result of studies carried 
out natronally om the <everal vears to relate more directly 
working and heart rates These have shown chirect 
correlation of amount of energy expended on a job and heart of 
pulse rate. Close examination of the results show that length and 
Irequency of rest periods have varving efleets on pout, le 
pendent on the work load, nature of the work, and physiological 
make upoof the individuals coneerned Dr, Miller conceded that 
work «clone, them far, im thes field om haredly out of the lnborateory 
stages. Tlowever, it was emphasized that much is to be gained 
by continuing this. type of research. Its potential impact can 
hardly be evaluated, but the progres< made to date has been very 
signiheant It is certainly an aren that <hould bear more investi 
gation by Tndustrial 

Hebert Ik Murray, of the general rollers othee. 
(Companys thecussed the “Pinanetal Aspects of Capital 
Justifieation [le explored vartous methods of ealeu 
lating rates of return on investments and ways in which. these 
rates can be used in capital budgeting problems 

Dr Robert 
of employ tient amlinventory level« in a tulk “Pre 


MeCiarrah Cornell niversity, t hee 


duction Programming "’ A demonstration of a linear programming 


ipproach to cost minimization for this ty pe of problem Was given 


Rochester Spring Conference. Left to right: Dr. Charles I 
Miller, hastman Kodak Meddieal Mir William I, Diehl, 
lodustrial bingineer, Chairman of the Conference: 
Melvin bo Salveson, Operations esearch Consultant for the 
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James A. Richardson, Industrial Engineer, Eastman Kodak 
Company, demonstrated various approaches to the measurement 
of Indirect Labor Operations Robert Wo Peacor and Melvin R 
Witmer, also Industrial Engineers, bastman Kodak Company, 
discussed several man machine Productivity Relatronships. They 
demonstrated various solutions using baste algebra, probabelity 
and Monte Carlo techniques 

The success of the conference was excellent. A total of 168 paid 
attendants was recorded. Of these there were 12 from chapters 
outside of Rochester and 121 non members Twenty emht com 
panies from upstate New York were represented 


BOARD OF MERTING 
National Headquarters 
Columbus, Ohie 

24, 1957 


The Board of Trustees of ALLE the official governing badly of 
your organization. This group meets to comduct business for you twice 
a year. The official minutes of the Auquat Board of Trustees’ meeting 
are published in Journal to heep you tniarmed of 

President Carson called the meeting to order at 0:00 A.M 
\inong those in attemlance were 

Vembers of the Hoard of Trustees 

(iordon BO Carson, President 
Floved J. Titlher, First View President 
Ralph Wo Upelegratl, Treasurer 
Frank Board Member at Large 
Howard Past President 
bulwin Slagle. Past President 
Harold TO Amrine, Central Region View President 
Harry Davis, Northeastern Region View President 
Warren Alberts, Board Member at Large 
Special 
Matthew A. Pavone. Chairman 
Hustnesa Adminiatrate: 
lion A. Trenwith 
|. The Minutes of the May 17, 1057, Board of Trustees were ap 


proved as presented 


OLD BUSINESS 


Zu Partierpation in nited Engineering Trustees Buslding, Neu 
Dork City The Board of Trustees was brought up to date on the 
move by the report of Pavne. Chairman of 
the Special Task Committee and Gordon BO Carson, President 
After a considerable discussion of the prow and cons of sueh a 
move, the Hoard took the following 

Nir Slagle moved that the President of the contact the 
coordinator of the United Trustees Com 
mittee and advise him that the would like te oeeupy in 
the new United I enter that the eared of Trem 
tees take to t bee liternal Revenue Ihe 
prartinent te change the tax exe status from 
te Me Nbotion <econded bby Warren Albert« Miotion carried 
with one lixsenting Vole 

2h. Rotary Fund No action was taken during this meeting be 
couse of the lack of complete infortation a» requested of the He 
search Committee 

Ze Other Old Businens 

Zel Journal Printing Coste members 
there tn the cost of prooting the ALTER Jaw 
nal The comsensus of opinion wae that the priee charged by our 
present printer well within line comedering the quality «of thie 
werk and particularly ther excellent handling of formulae ane 
other technical data 

Kecognition of whe have become lieane 


of ring Colleges Colonel moved that the name 
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Of Dean Pieher, Dean of Engineering at Washington Univer- 
sity, St) Loum, Missourt, be added to those recognized by the 
Hoard at the May 17th meeting Seconded by Professor Emerson 


Motion 


NEW BLSINESS 


Wemdly port The Keport of August 1, 
1057, were reviewed by the board Colonel Groseclose moved that 
the Membership Reports of August | be approved as presented 
Mr Amine seconded the motion Motion carried 

Sh Fanancial Report) Colonel Groseclose moved that the Fi 
nancial accepted presented by the Treasurer Sew 
onded ty Mr Tither” Motion carned 

Appliation bee Change Alter considerable discus<ton, 
the Hoard wished to call the attention of the mietibershap to the 
facet that future dues mereases not be required if the applren 
thon fee wae mereased to be more on line with the fee charged bry 
other someties No aetion was taken to change the fee at this time 

Se. 1967 Budget The presented by the Treasurer, 
was reviewed by the Board with one change as shown below. The 
budget Was approved for the year October 1, 1057 to Septem 
ber 30, 1958 The change 

Mr. Slagle moved that $5,000 of the 1956 57 operating surplus 


and $5,000 from the 1957 5S budget be established as contingene, 
reserve to meet the cost of the proposed move to New York City 
Seconded by Mr. Titler, Motion carried 

The Board directed the Treasurer, the Secretary and the Huint 
ness Administrator to make the necessary changes in the approved 
1057 SS lnidget to achieve the results directed in the above mo 
tien 

$d. Propored Chapter Development Program Mir. Alberts moved 
that the Chapter Development Program be approved in principle 
with the suggestion that the National Director of Programs and 
his staff may wish to simplify the operation and grading <\stem to 
be used Seconded by Mero Amrine Motion carried 

Other New Business 

tel al for Chaptes Advances The Board reviewed the 
request from an organizing chapter group and approved their 
request for «a $50 advance to meet organizing expenses. Seconded 
by Professor Motion carried 

Adjournment At V2545, Colonel Groseclowe moved the 
Board Meeting be adjourned Seconded by Mr. Slagle. Motion 
carried 

Note Next Executive Committee Meeting, September 2s, 
1057, to be held at National Headquarters 


READER COMMENTS 


Apropos of Dean Sweigerts article on page 189 of the 
May June Journal and of other recent articles in the pro- 
press thought you might find the enclosed articl 
thought provocative and of very definite reader interest. Tf 
, you are al full liberty to publish at ether in Reader Com 
ments or in such other form as may best serve the purposes 
of the Journal and/or the profession of Engineering. 


ft was prepared as an answering challenge lo the raucous 


clamor for all engineers to fall in line and join unions. It 
wan atlempl to put in words the reasons for the misgivings 
and hesitancy of many of our best engineers to be so regi- 
mented. To the crtent that i may help engineers to clarify 
the fundamental reasoning that should prevail in a profound 
mse of this type it will have served its purpose very well. 

Some imdustrialists have told me it is an indictment of 
the present industrial system while some union officers have 
fold me that 1 misjudge the philosophy of present day union- 
wm. As no one has ventured to call me a communist for 
having thus carpressed my thoughts 1 can’t help but feel that 
perhaps 1 have hit upon a sound middle ground upon which 
uve, as a truly professtonal qroup, may lake a form stand. 

Whether or not you see fil to print the article 1 shall be 


decply appreciative of your comments on it 
THE PROFESSIONAL PROBLEM IN INDUSTRIAL 
RELATIONS 


stron. When is a inten not a union? 
Answers When its members are truly professional people. 
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Question: Why can’t) professional people join a union? 
Answer: They can join one, but not in legitimate antici- 
pation of the normal fruits of unionism. They cannot 
seek semorty, compulsion, tenure, uniform wages, or 
uniform benefits for all the union members. 

Question: Why can’t they legitimately seek seniority, for 
example, through a union? 

Answer: Because, if they were granted, and lived under, a 
normal seniority system they would no longer be pro- 
fessional people! Under normal conditions a professional 
man knows that his advancement ts, and should be, based 
strictly on his creativity and useful productivity. He knows 
that based on these alone he should be hired, fired, re 
tained, promoted, or demoted. 

When «a union and an employer bargain collectively 
each must give up something to the other to gain something 
it wants for itself. The union obtains seniority, for ex. 
ample, while an employer obtains an agreement not to 
strike the plant. Or the union obtains a fringe benefit 
while the company obtains a reduction in the amount of 
hourly wages it might otherwise have had to pay. Such 
is the very nature of union bargaining. 

But why can’t the professional man better himself this 
way too? He can’t, beeause if his value to the emplover 
les in his being a truly professional man (not merely a 
highly tramed technician), then he has nothing with which 
to bargain! He cannot say, for example, “T will give up 
or shade my ethies for a fancy semornty plan,” or, “1 
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will give right to publish newly discovered screntifie 
truths exchange fora wage mnerease or a pension plan.”’ 
Neither can he say, will give up my nmght to econ- 
sclentiously practice my profession and instead do the 
striet bidding of ny superiors in exchange for a promotion 
or fringe benefit’. Tle cannot do this because the moment 
he gives these things up through individual or collective 
bargaining he is no longer a professional man in the eves 
of his peers. A professional man has only bis reputation, 
his talents, and his integrity with which to make his 
professional progress and income. Tle cannot delegate 
these away to a union agent to put on the bargaming 
table for him. He is unlike the laborer who can truly 
delegate or assign his vote to perform any fitting task for 
any employer willing and able to pay agreeable wages. 

Perhaps a true case from industry will illustrate the 
problem of the professional man and his employment status. 

My chent, the company, had engaged a doctor to give 
preamployvment physicals to otherwise acceptable appli- 
eants. The examination was to be routine and not of an 
exhaustive nature that would the deteetion of 
Certain socal llowever, the doctor 
was told that it was stretly company poliey never to 
employ a person with any of certam disabilities or speettied 
social diseases. The doctor practiced half time at the plant 
and halt time at his own offtee. One day the doetor was 
asked to pass on the physteal acceptability of an appleant 
that had for the past vear been under private treatment 
by this same doetor for a soeml disease. The company 
did not eaver the particular condition but 
the appleant merely had checked on the medical 
questionnaire form: that inquired about the disease. 

There was a practical professional ethies question as to 
Whether the doctor's duty lay first to the employer, to 
the cot perhaps to bios profession. There was not 
mueh question but that other doetor’s patients under 
conditions had) secured employment with the 
company. what should he doz Te confided the problem 
professtonal consultant to the company on its 
nedustrial relations activities. As the doctor was under a 
defimte dollar contract with the company, the company 
felt at could and should dietate the policies it wanted 
earned out. PT recommended, and the company and the 
doctor agreed, that the contract be torn up und that a 
truly professional relationship ber established whereby 
the doetor was given a free hand and both the company 
and the doetor could tomediately sever connections if 
either became dissatishied. In this way the company 
obtamed true professronial services that could be retamed 
or stopped at will, The doctor kept his professional status 
as he no longer had to work under mgid company policies 
but sold his good serviees for as long as they were wanted 

This illustration, while lengthy, is necessary to pot 
out the peculiar status of the truly professional man. 
He works under the rules and laws of nature and of his 
professional organizations. [le must always be tn a position 
to abide by them regardless of what a particular employer 
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may want or direct him to do. It illustrates why many 
first class musicians and teachers, among others, no longer 
have true professional status since they play, teach, 
perform, or act only what others tell them they may or 
must. They do not have the liberty of selection or move 
ment that characterizes the professional person. And as 
long as they are willing to give this up for security, tenure, 
uniform wages, ete., they have automatically withdrawn 
themselves from the professional class and status. Many 
will say, | am sure, that since they can't be both, they 
have made the wiser choice of bemg good union people 
rather than professional people At leust, 
seem happier this way and | have no fight with ther 
choice. 

We started by asking the question: When is a union 
not a union? And it was answered: When its members 
are truly professional people. We now close by asking 
When is a professional man not a professional man? 
And it is answered: When he gave up this status by band 
ge together tw for the normal objectives of 
unionism. Kilmer Hughes, Industrial Consultant, Syra 
cuse, New York 


NOW —your one-vcolune 


enclyclopedta of the 


TOOLS, MATERIALS, and PROCESSES 
of modern manufacturing— 
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MACHINE TOOLS 
for METAL CUTTING 


By W. ARMSTRONG 
Professor of Industrial k.ngineering, Penn State 
347 pages, 212 thustrations, 85.00 
The easy-to-use organizational plan of this book makes if 
valuable on the job, when you want tacts in a hurry. Here 
isan A-to-Z description of every principal type of mae hine 
tool. Fach section ts followed by a summary in outline form 
which gives you at one quick glance the baste tacts and 
data vou need about some tnportant piece of machine 
shop equipment. More than 200 clear photos and labeled 
drawings help you do a better job in all phases of modern 


machine-shop manufacture! 


Order today from: 
Journal of INDUSTRIAL ENGINEERING 
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RECENT READABILES 


AL TOMATION 
“Electronic Data Processing Machines,”’ by Ware, W. J. 
Martiny and Fo J. Maginnes, Mechanical Engineering, page 652, 
July 1957 
hiectrome data processing machines are applicable to 
nearly all engineering activities, resulting in more efficient 
engineering operations, and more effective management con- 
trol. They broaden the base for decisions, speed up research 
and development studies, and force standardization of pro- 
cedures as well as products) The gains from an integrated 
data processing system are sizable, but the problem of select- 
ing the equipment, and recruiting and traming the operating 
staff alxo are wizable On a large project, several years may be 
required to regain the starting costs out of the savings from 
the system 
In addition to the many applications mn accounting and 
business, electrone data processing machines, are 
oflering new opportunities inall activities of engineering from 
research and development studies, major design planning, 
production engineering design calculations, on through the 
documentations of engineering information leading up to the 
generation of manufacturing 


“The Automatic Pipeline,” by MoT. Nigh, The O:l and Gas Jour 
nal, page SU, July S, 1954 

The automatic pipeline has been in the making for 30 years, 

ever since the first unattended pump station was built) Auto 

mation in one form or another is being relied on increasingly 

to handle a growing job of transporting petroleum and natural 

gas economically and efficiently. The automatic pipeline has 

been put together little at a time, and now the whole is com 

plete save for one final part Remote controlled stations have 

become commonplace. The next chasm to be bridged is from 

remote control ta a completely self controlled system. This 

will mean turning over the chief dispatcher’s decisions to a 

computer, which up to now has done almost everything with 


a pipeline but run at. 


“New Digital Computer is kepectally Designed for Process Con 
trol.’ by Stormont, The and Gas Journal, page 151, 
September 2, 1957 

A great step toward the much discussed ‘push button’ 
A new digital control 


refinery will take place next year 
computer, specifically designed for automatic control of re 
finery and petrochemical processes, is scheduled to be imeor- 
porated inte the control setup of a refinery process 

When used as a central unit of a process control system, 
the new computer can automat ieally read process instruments, 
perform the computations necessary to relate these readings 
to process objectives, determine the control actions which 
will result in optimum plant operations, and activate the 
process mechanisms or set pomts on supervised con 


trol loops to bring about the desired operations 


GENERAL 


“Preparation and kvaluation of an Industrial Report,’ by 
Tutt, Jr., General Motors Engineering Journal, page 30, September 


1057. 
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Industrial reports assist management in making policy 
and operating decisions by presenting factual information 
about current or future operating and product design prob 
lems. Because of their importance it is essential that such 
reports be prepared in a uniform manner and be complete 
coneise, and accurate. Since 1045 General Motors Institute 
has supervised the preparation of over 2,000 industrial report. 
required as part of the Fifth-Year program leading to a Bac 
calaureate degree in either engineering or business adminis 
tration. I-xperience gained with the wide range of material 
covered in these reports has lead to the development of speci 
fications which maintain organizational uniformity un ther 
preparation and final make-up. A set of guiding questions also 
has been developed which serves to evaluate the report as to 


its techmical content and logical presentation of this content 


to Build Good Communteations,”’ by Jron Age 
page 35, August 20, 1057 
Management has come to recognize that many of ite bad 
decisions are the result’ of internal communications 
Some companies are actively trying to see that they are not 
the victims of faulty means of keeping all levels of the com 
pany informed. This means not just management, but workers 
as well. This survey of hundreds of metalworking plants shows 
management's growing awareness of this fact and what it is 
doing to improve its lines of communication 


“Planning Product Strategy,’’ by Po Ro Maruin, Vachine Design, 
page 110, June 13, 1957 
Planning product strategy is undoubtedly the most taxing 
and harassing problem confronting a company. At the same 
time it is one of the most challenging opportunities. The hort 
zons are relatively unlimited. The planners must take all of 
the available facts and, anticipate probable patterns of indus 
trial and consumer activity in years ahead, set 
motion designed to fit into these new patterns. This article 
considers the overall aspects of product planning; subsequent 
articles in this engineering management program will explore 
five essential phases 
1 Finding New-Product Ideas 
2 Sereening and Appraising Ideas 
4. Testing and Evaluating Proposals 
Commercial Development of Product- 
5. Preplanning for Production 


MATERIALS HANDLING 


“Computers Control Warehouse System,"’ by 
Materials Handling, page 150, June 1957. 
A completely new concept of automated warehousing based 


rh 


on an over-all “system” approach means faster service, lower 
costs, and fewer errors in warehousing operations. Highlights 
of the overall warehouse system include 

1. Automatic controls for directing order-accumulation 
operations. 

2. A case sealer that adjusts automatically to five different 
sizes of shipping container. 

3. An automatic tally that spots human errors in routing 


before shipments are made. 
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' Controls for sorting outgoing shipments 
5 An automatic set-up that stacks cartons six high on 
ccumulation lines on the shipping dock. This saves dock 
6 A mechanized system for paperwork that eliminates 
delays from this source 
7. Proviston for ton within the present 4 and 
the present system 
“Hlow Operutirons Research Anis Materials Handling,”” by I 
Heftner, Medlern Materials Handling, page 107, August 1057 
While many definitions have been proposed, actually opera 
tions researeh te nothing more than the application of scien 
te inelustrial It materials handling, 
be applied to attain the following objectives 


A high degree of precision is necessary in the operation 
The accuracy and dependability of the static control cireuit 
has made this possible 

This system consists of four major parts 

1. Transport and merging system, which conveys cartons 
from the respective production areas and merges the flow onto 
a single line leading to the jib erane conveyor, or dispatch 
pont 

2. Jib erane conveyor, which identities the cartons by refer- 
ence to a memory source and delivers them automatieally to 
any of 72 “on conveyor” storage lines 

4. Magazine storage, which consists of some of 
gravity roller conveyor. These are arranged im three groupe 
of three conveyors wide and seven, exght and nine conveyors 


high, respectively 


| Determining plant and warehouse locations for mint i. Conveying system from storage to shipping docks, whieh 
ermine tet hed plimum utilization of machine capac vevor sections and gravity lines for selectively conveying 
‘ Te uteriats » 
imnecluding powered materials handling equipment) ts cartons from 60 of the 72 storage lines to the four loading dock 
mother use to which linear tay be peut 
arenas 
on termining personnel requirements for stererooms to 
assure smoothest operation with minimum elerteal idle time QUALITY CONTROL 
“Statistical Tolerancing,”’ by KR. L. Thoen, Vachine Design, page 
4. Maintaining at minimum levels while assuring 
121, June 14, 1957 
optimum servicer to customer ome 
Pradition and human mertia have been largely respomuble 
The Push Button Warehouse,” Fortune, December 1056 for the widespread neglect accorded the matter of produet 
\utomated production lines have been turning out goods tolerances. As a consequence many drawing spectheations are 
faster than warehouses can handle them, and te incomplete, redundant, unnecessarily Close 
break the jam Industrial bnagimeers are now applying the Likewise, product parts are made and inspected according 
‘utomation principle to the warehouses themselves. Deserb to so-called “practical” interpretations of these unrealimtie 
mg how of are «speeding up their ware- tons 
eclures with controlled conveyors ane To thes it is te product 
other devices, the author conelides that, despite tolerances that ure just in liberal functional re 
the necessary changes in packing methods and the high cost quirements will permit) For interchangeable manufacture, 
of the equipment, push button warehouses will bring sub this eritertion means tolerances based on probable rather than 
<tantial long range savings additive combinations Designers should be familiar with 
those parts of probalulity theory that have to do with how 
d Storekes ping for Smaller by} tanle \ tolerances combine 
il Mansbridge. Oithes Vanageme nt, January 1057 
bor the small company that cannot afford expensive elec WORK WMEAStREVENT 
tron methods in storekeepin amd inventory control the 
Sites “Leveling Peak Workloads,"" by Stivers, Wealern 
hither alternative procedures for simplifying and an? 
Office Procedures, page bFebruary 
these funetrons Tle desertbes some forms to facili 
One of the most serious probleme affecting normal ofhee 
tute seeurate record keeping that continuous 
operation ts fre«eguent fluetuation of the workload level Cine 
tock taking can eliminate the dislocation eaused by a once " 
company's solution has made it possible for clerical personnel 
vear inventory cheek 
to handle peak loads without disturbing the normal routine 
“Hlow to Plan Receiving Operations Part 1," by TE G. Wess, The solution was a work measurement program and the appli 
Veslern Materials Handling, page 124, September 1957 tion of its findings in two ways: 1. a forecast of personnel as 
This is the first part of a comprehensive report on how to signments according to departmental work loads; 2. the erea- 
obtain an efferent reeeiving operation Top management, tion of an exchange group which makes it possible to trade 
fev using tore and more attention on this area, now recognizes personnel atneong departments» when the workloads fluctunte 
ittus a gateway of opportunity for cost reduction often over- 
ir the feast BOOKS 
Hased on text matertal from General kleetrie Company's Appraising the Economica of Electronic Computera; by Prank 
(Operations orkshopes, here are proven methods tw Wallace, Controllership Foundation, Ine 2 lark Ave New 
help vou analyze your own operation, make improvements York 16, N. Y., 1956, 106 pages, $4.00 
md measure performance This article proposes several ways A systematic inventory of the procedures to be followed in 
4 faster, more accurate and economical receiving determining office eguipment requirements, entimating the 
<erviee cost of computer installations, selecting and traming elee 
tronies personnel, and scheduling computer operations 
New Tool for Automatic Handling,”’ by L. L. Boseh, Wadern 
- _ Appendices include a review of the baste concepts of Ceotnpel 
VWaterials Hlandling. page September 1057 
ters, a listing of computers commercially available, and a 
Deserihes how the new techniques of statie control, pre 
brief explanation of Operations Research 
viously used almost exclusively with automatic machine tools, 
perform precise materiale handling operation. The system Automation tn Ruainess and Industry, edited by CGrathe 
is a Complex warehouse in whieh eartons from IL production published by John Wiley & Sons, Ine 1957, New York, N.Y, O11 
lines converge to a single line for dispatching to any of 72 pages, $10.00, Cloth bound 
storage lines The fundamentals of automation, new developments in 
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automation, techniques, and deseriptions of automation sy- 
tome are included in the wealth of information supplied by 
new work 
ona of lectures given by a number of engineer 
and at the University of California, the book shows 
how the fields of feedback control theory, instrumentation, 
analog ane digital at and data processiiig are now 
becoming tmtegrated automation is appled on a broud 
esearch, Special Report No 17, American Management 
New York NOY S875 (AMA $2.50), paper bound 
Operations research, for many executives, m surrounded 
by fog of unfanuliar language and mathematical formula. 
that will be dispelled only when the techniques used and the 
resulting are explained clearly and simply in non- 
technigal termes This AMA report does «a commendable job of 
fog dimpelling 
After a general review of operation research and ite back 
ground, company executives outhne particular phases of their 
workin which they are using OM successfully. The probleme 
are stated in standard busines= terms, and the processes by 
Whoch they were found and tolated are traced in detail, Then 
follows « complete description of how the necessary data were 
developed, what speate OR approach was appled, and in 
many cases, how the answer to one problem led to the dis- 


covery and solution of other- 


Quality Control far Plastics edited by Lawrence M 
Delong, Rembold Publishing Corp. New York, 1957, 142 pages, 
$i 
~itig the theme cannot be inspected 
wet be belt the ten papers presented im thi 
volume attempt to show that the more adequately plastics 
processes are controlled, the less m the likeli 
col me rap reyeets in making plasties parts Authored 
by experts in the held of statistical quality control, the paper- 
cite examples of statistical quality control techniques cur 


rently used in the 


Standard Costa: Maw They Serve Madern Vanagement by Clinton 
Bennett, Prentice Hall, tne bnglewood Cliffe, NO J. 345 
pages 
Deserihes standard cost procedures used by many oon 
dustrial ite lide not only ace 
agement and engineering as well) Management determine- 
the program, engineering develope the methods, procedures 
controls results The follows t hie 
sultant approach and the case method of dlustrating proce 


dures 


Statiatiocal Wethads in (Juatity f‘ontrol. J. Cow len. Prentice 
The first 12 chapters of this book are concerned mails 


157, pages, $12 cloth 


with statistical methods in quality control Others chapters 
dleal with and control, elementary principles 
of probatulity, and multinomial distributions, use 
of control charts, analverm of defectives, principles on 
for attributes, and double sampling 
Nithough mathematicn! derivations of some formulas are 
given, nothing has been mecluded that i mathematically dif 
healt) The more pots mathematical proofs are given om 


appendices at the ends of chapters 


NSuccesatal uvlomation bey bairbanks. Prentice 
Hall, Ine. bnglewood Cliflk, No 1956, 455 pages, 
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The author has directed his presentation to the business 
tan faced with the problem of «ystems revision and iniprove 
ment of office activities. His explanation of the «vstem= ap 
proach and various levels of office automation i excellent, 


Engineering Manpower How to Improve Ita Productinty, by 
Gaeorge A. Von Peterffy, et al., Graduate School of Business Ad- 
ministration, Harvard University, Boston, 1957, 162 pages, $18.50 
An analysis of how industry i utilizing and motivating its 
engineers, this report is aimed at showing managers and ad- 
mintstrators how and where engineering productivity can be 
merenased is based rather extensive survey and 
evaluation of industrial philosophy, polieres and practices 


affecting engineers 


Votion kronomy and Work Measureme nf, bey Robert Lew Morrow, 
The Ronald Press Co, New York, 1957, 468 pages, $7.50 

A revision of Time Study and Motion Keonomy published 

m 1460 New material includes application of motion economy 

to office work, micromotion study, uses of photography for 

work analysis, and organization for methods improvement 


Practical Automation: Methods for Increasing Plant Productivity 
by Lester KR. Bittel, Morely G. Melden and Robert Rice, Me 
(jraw Hill Book Company, New York, 1957, 384 pages, $7.50 
(This book can be ordered from The Journal of Industrial KRnginee: 
ing 

The authors, associate editors of Factory Management and 
Vaintenance, have drawn freely upon their exposures to vari 
of automation and have presented practiont! 
guide to show how automation has been and can be used mn 
manufacturing plants to merease productivity, cut operating 
cost= and safety and working conditions 


Incentives 1 Vanage rial Twol, William Wolf, Colum 
lon University Press, New York, 1957, 114 pages, $4.50 

\ study of wage ineentive practices and experiences in 
manufacturmg plant- 

The author undertook his study of wage meentives to ree 
oneile the eontlet« between claims for benefreral results ane 
actual results achieved wage incentive installations This 
receive consideration from all 
viduals interested in incentives of any form 


Slatiation for Vanagement, bev Dangars 
Company, Baltomore, 1950, pages, S600 

“A simplified introduction to statisties,’ 

nontechnical individual Well presented and generously illus 


chirected to the 


trated with interesting examples 


Lavation & Kronomy, Walter The Technolog 
ress and John Wiley & Sons, Ine, New York, 1956, 350 pages 

SS 75 
The baste obyective of this look ts to the spratial 
regional frameworks of the social scence lise 
ticularly eeonomics The author's theory tries to unravel the 
dynamic interplay of social and economic forces not only 
they determine location, but alxe as they mmfluenece 
todustrial concentrations and the geographic spread of in 
dustry among the several regions and nations of the world 

; 


Other Automation Integrated and Electronic Data Processing, 
Ko tlunt Brown, Automation Consultants, New York, 1956 
+ pages, 
An overall presentation of data processing, discussing 
all aspects of DP & TDP, ineluding various available 
equipment. An updating service is avatlable to insure coverage 


of new developments 
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I. E. OPPORTUNITIES 


WHat itis 


The industrial engineering opportunities service is a funetional 


committee of the American Lostitute of Lodustrial 
ona lusts ane previcles this information te 
The committee of members from the 
chapter the mformation i furnished free 


a service to tmdustry and 


SERVICE PROVIDED 


Some of the Known pol wall be published in condensed 
each of the Journal of Lndustrial which 
is te over 6.000 members and student members 
of the 

In addition, a monthly tant tes Hulletin stippled 
to over sevent\ chapters located throughout the United States 

bach job opening ts a number for mlentiheation 
The name ated adedres= of the fo comtact for nelditional 
information concerning a specie job opening is sent to members 


=f 


ADDRESS OF TITE SERVICE 


Institute of Tndustrial bingineers 
145 North High Street 

15, 


EMPLOYERS 


hinployers having openmgs for qualitied Industrial bngineers 
are to list them with the Todustrial Op 
portunities Servicer. CGavernment agencies and educational im 
stitutions as well as ltisiness and idustry are urged to take 
vivantage of this tree servicer Ty publeizing your job openings 


with our Institute, you are sure of reaching high calibre men whe 
have passed the Institute's striet membership qualiieations and 
are fully qualified to many types of Industrial bingineering 

Inclustrial are often emploved in such telds as Work 
Measurement, Production Control, Plant) Opera 
tioms Research, Industrial Relations, Sales, and Management 
For «a more complete coverage, see the following list of jobs class 
fications. Please do not hesitate to forward mformation on joules 
in any aren Where it is recognized that an Industrial ngineering 
background wall be of value 

To list pob openings with the Opportunities Servier, send 
all or part of the following mformation with the name of your 
contact man to the above address Ty of level job 
classifications, nuntimum educational and experience qualihen 
trons, and salary range 

This information will be publicized to the members in eon 
densed form im the Jotuxat and in monthly chapter 
Company tames are not shown Should you desire a large ad 
elsewhere in the Jotaxat advertising rates will be quoted upon 


retest 


VIEVMBERS SEEAING JOB OPPORTUNITIES 


The following list shows pol openings avatlable just before press 
time Tf you would like more information about one of more of the 
positions listed. mal the numbers with name and ad 
to the tee Service at the above achlress The 
Servier will advise vou by return maul of the name and achdress 
of the person to contact for further mformation, of advise you tf 
the position ts ne longer avatlable Your name will not be for 
warded to the company with the pole opening so vou must take 
the initiative yourself 

For more current listings, contact your local Chapter Seere 
tary on tes Chairman for the latest monthly 


INDUSTRIAL ENGINEERING OPPORTUNITIES 


‘“elary 
Range in Ady V ears ol cone 
blectric, Mig 
It) 
2% ation ‘) 1500 
Wi- 
Va 
Neb 
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INDUSTRIAL ENGINEERING OPPORTUNITIES 


lndustry 


Trave! 


Hospital ‘) 
Airline 
Steel Products ‘) 
Chemical Proe. Conn 
Chenucal Proc 
(sraphic Arts 
Hyd. Press Mfg ) 
Navy - ie 
Machine Tool Wis 
Army Ordnance Vu 
Steel Products» Va 
Mymt. Consult 
Airline 

Consultant 
Army Ord Ii! 
Trans 
Post (thee Minn 
Mining & Smelt NMI 
Mining & Smelt NMI 

Household Prod 
Textile Co Cin 
biducation NY 
Public Utility 
Linoleum Mig 
boundry (‘al 

bla 
Syn. Fibers & Films Va, Va, W Va 
Paper Mill 
boundry 
Airframe Mig Midwest 
Navy Mal 

Railronud Mal 
Timber Mill N West 
Process NJ 

| Manufacturing Ii! 
Air Force Alu 
Durable Croods NY 
Mill 
llectrical Muss 
Sugar La, SC, Conn 
Nireraft Wash 
Consult (Oversens 
Paper Nil 
Aireraft Tex 

Chemical Ala 
Aireraft ~ Tex 

| Chemicals NJ 

| Paper Mo 

Foundry, bedue 
Instruments NY 
hlectrieal Mass 
Mig 
Paper (in 
Air Force (in 

Navy 
Navy Va 
Printing NY 
Mineral Prod NJ 


(Continued 


(Jualifx ations required 


Salary 
Job classil ation number 
(see ey) Kange in 
Sim 
1.8-7.2 
Mt, 13 6-7.2 
li, 13 $85.4 
22, 42, 43 
46, & 
is, 42, 43, 
1, 13, 42 5.46.6 
10 
6.1 7.6 
31, 42 
21, 38, 42 
70, 42, 45 
3, 
1s ).> 
7 38, 0), 4.4-8.5 
ol (10, s 
2), 40, 40 
70, 38, R 
42, 3% (8.7.5 
Hort 509.0 
32, 18, 37, & 
| 42, 26, 11, 
1, 42, 43, 72 
11, 13, 42 
11, 19, 
72-13, 19, 11, 40 
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i8, 21, 42 
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46.6 


ov 
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Lb 
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“a lary 
nition Job  lassifxation aumber 
see Sey) Range in 
tim 
125 (Chemical Mich 3, 23, 48. 
Boilers kdry 42, 43, 44 7.2 
Theatrical NY 12, 43, 45, 49 1-12 
(‘artones (‘on 4.8.5.9 
bidueation NID Asst Prof, | 
mw Heat bxehangers 92 37 10.0 
Radiators Mid 44, 48 6.5-7.6 
(hil Seals 42, 45, 6.0 
Flour Mills Minn x | 11, 313, 42, 43, 7.28.4 
W Va 52, 53 
llectrochemical NMiclwest 92 1s 
Copper! Chile, S A x | 43, 
14s Way Wise 11, 19, 42, 47, SI 5.96.9 
Pharmaceuticals 13, 23, 42, 44 
Magazine bditorial Mass 45 | 5.07.0 
Steam bleetrie Power Toronto 
14 Consumer Produets Nliclwest 15 + Bonus 
(Const ruetion NY 36, 
Aireralt Texas 19, 30, 42, 44, tsod 
Vir boree Depot Lb 7.07.6 
147 Paper & Bag Mfr Ala | 10, D, 3, 43, 
14s Steel Italy | x 42 12 
Agricultural Market Wash, DC |x | 0, 42, 43, 
rig 
bingines NJ 1), 18, 38, 47, 70, 
Supplies NJ 23, 42, 43, 
Ky 32, 40 §.8-7.2 
Woodworking Tools Texas 
Metal Furniture Va 
Plastics Texas 
\ireraft Colo Mgmt. 
* Begins Sept 
contract 
ALE OPPORTUNITIES SERVICE 
Aey to Job Classifications 
€ ation Job lassification No Job ation 
Motion and Time Sturdy Production bngineering Specif., Select. & bval 
Methods Improvement Jl Prexluetion Control Replacement 
iZ Suggestion Systems Process Planning and 47 Automation 
Work Measurement and Kouting is Viant Maintenance 
Vert. Stes Scheduling and Loading 49 Cap. Budget. Facil. Plan 
Stop Wateh Time Study 44 Flow Process Charting Operations Research 
1 Std ‘Time Data Dev & 45 Inventory Control Sl System & Simulation with 
Applic (‘ont Anal. & Reduetion “Models’’ 
It) Predeter blemental 37 Statistical Quality Con S52 Mathematical Analysis 
‘Time Stas trol Leonomy Stuches 
Is Work Sampling 4s Ihdgetary Control, Stand. St Auto. Data Proe with 
bstimating and Costing ard Comts (Computers 
At Wage Payment uy Tool and Gage Design and 36 Market Research & bore 
lneentive Plane Control casting 
bor Production Workers 40 Plant bingineering Industral Relation 
ber Non Prod. Workers 41 Viant Loeation & 61 Personnel Administration 
4 bor Supervisory sion tr Personnel Testing 
i Layout ths Personnel Training 
Job bevaluation is Material Handling Industrial Payehology 
Js Wage Administration Machinery & Lquipment 65 Labor Relations 
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| 24 | 
| 
3 (PLE) | 4h 
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2-5 22 
2 
2 5 
5-10 | 46 
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tH) Safety 
Sugmestion Systemes 
70) Systemes and Procedures 
Admin. & Operating Pro- 
cedures 
('rganmization Charts and 
Manuals 
Records Admin & 
Control 
Preoduet Design 
Packaging 
Management and Superviston 
rial 
Super 
Vlant biogineer 
Preeluction Superviscr 
Viant Mgr, Mae 
Work. Nur 
foeneral Manager 
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